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“ j Pearlite Structure 
\ \ 1500 x Magnification 


\ rN 
Absolute Rigidity Insures 
Accurate Photomicrographs 


Magnifications of 6000 can be photographed as sharply and 
accurately as a portrait with the Bausch & Lomb Large Metallo- 
graphic Equipment. The following features illustrate why. 
1—Microscope design positively eliminates any relative vibration of 
the specimen and optical parts. 
2—Shock absorbers retard, dampen and absorb vibrations. 
3—Improved design of fine adjustment entirely prevents change of 
focus, regardless of length of exposure and weight of specimen. 
4—Permanent alignment of microscope and illuminating unit saves 
time and insures high quality photographs. 
5—All adjustments necessary for observing and photographing the 
specimen are conveniently arranged. 


Write for catalog E-210. 
Bausch & Lomb Optical Co., 615 St. Paul St., Rochester, N.Y. 


Makers of Orthogon Eyeglass Lenses for Better Vision 
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... where the LIFE 
of an instrument 


BEGINS 


F people who admire the accuracy 
of Westinghouse instruments 
could look behind the scenes of the 
company’s great instrument manu- 
facturing works in Newark, New 
Jersey, they would find there a con- 
vincing explanation of the perfec- 
tion of Westinghouse-built instru- 
ments. In this one vast building, 
high-powered microscopes and 
projectors are employed to assure 
the accuracy of delicate parts, that 


Service, prompt and efficient, by a coast-to-coast chain of " well - equipped ho} 


is so vital to instrument perfection 


Here is an engineering staff with 
wide experience in the design of 
measurement apparatus and a man 

facturing organization composed of 
craftsmen to build the ideas of the 
engineer into measuring devices 
that remain accurate for many years 


Their efforts are banded together 
in this factory to produce fine in 
struments. 
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Practical 


Television 


At distances up to 30 miles, Brown 
Remote Type Instruments _ bring 
pressures, flows, liquid levels, and po- 
sitions to your office or control board. 
Write for New Catalog No. 7501 
THE Brown INstRUMENT Compan’ 
4482 Wayne Avenue, Philadelphia, Pa. 


Branches in 20 principal cities 


Brown Instruments 


‘to measure is to economize" 


When writing to the above company, please mention INSTRUMENTS 
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So accurate 
that it has replaced the mercury 
column in the leading scientific labor. 


atories of the world! 


™ Paulin 
Barometer 


These leading dealers will dey). 






ee uaed 


onstrate Paulin accuracy 


LOS ANGELES, CALI 
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System Sutin 


SAN FRANCISCO, CALI 
BRAUN-KNE( HT 


6 California Str 
DENVER, COLO 
KENDRICK BELLAM 
16th and Stout St 
WASHINGTON, D. ¢ 
AMERIC AN INST {E) 
74 Girard § \ 
JAC KSONVILLE. 
H. & W. B. DREW ( 
CHICAGO, ILL. 
CENTRAL SCIENT 
460 East Ohio St 
POPEKA, KANS. 
CRANE & CO., 
110-112 8th St., 


BOSTON, M Won 
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You can read it—instantly! ANDREW J. LI 
A marvelous new scientific principle — sv. Louts, Mo. 
makes Paulin Barometers so sensitive 4,5 AbQF COMPAS 


that slight air pressure changes are reg- | NEW YORK. N. ) 
. . A ‘HISON COMI 
istered exactly and at once. Easy toread — ALTCHISON 


483 Sth Ave 
—no caleulat ions. Mail coupon for information. f IMER & AMI N D, 

3rd Ave., 18th to 19 

FIALA OUTFITS 

47 Warren St 

Hi ERBI mes & HI ES( 
The American Paulin System, Inc., Dept. I-4, 1220 18 E. 42nd St 
Maple Ave., Los Angeles, Calif. I would like to PHILADELPHIA, 
read your free book explaining the Paulin Principle | M EBER ( ;OMP. AN 
of Weighing Air Pressure, with descriptions and 1220 Buttonwood 
prices of Paulin Instruments. P IT rSBURGH. I 

FISHER SCIENTIE ic 
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HANDY? - You Bet? 





The Foxboro-Horn 


Portable Tachometer 


| ieee and master mechanics say that the 
4 Foxboro-Horn Portable Tachometer is one of 
the handiest as well as one of the most useful and 
accurate pieces of equipment in the plant. 
This Foxboro Instrument is easy to use. It indi- 
cates any speeds directly in R. P.M. No paper and 
pencil computations. 

It comes complete with attachmentsinaneat carry - 
ing case and weighs only eight ounces. We want 
you to try the Foxboro-Horn Portable Tachometer 
in your own plant. If you don’t think it’s a handy 


Instrument return it tous. Write today to Dept. S. 


THE FOXBORO COMPANY 


Neponset Avenue, Foxboro, Mass., U.S. A. 


New York Chicago Philadelphia Boston 

Detroit Cleveland Tulsa Rochester, N.Y 
San Francisco’ Dallas Los Angeles Portland, Ore 
Pittsburgh Atlanta Salt Lake City 


Peacock Bros., Ltd... Montreal, Canada 


OXBOR 


REG. U. S. PAT. OFF 
THE COMPASS OF /NDUSTRY 


Instrument for Controlling, Recording and Indicating 
Temperature, Flow, Humidity and Pressure. 
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A NEW Improved MULT IMETER 


FOR DIRECT CURRENT 
14 RANGES 














1 microampere to 1 ampere (1,000,000 mics) 


20 microvolts to 1000 volts 


Just 3 Binding Posts and 1 Selector Switch 
Specially suitable for covering both minimum and maximum readings on 
separate mounted thermo couples in vacuo 
For High Frequency Work 


RAWSON 
ELECTRICAL INSTRUMENT CO. 


INCORPORATED 1918 
CAMBRIDGE, MASS. 
Branch Offices: 91 Seventh Avenue, New York City 


Also Manufacturers of AC or DC Thermal Multimeters, Microammeters, 
Milliammeters and Ammeters, Microvoltmeters, Millivoltmeters, and Voltmeters, 
Cable Testers, Timers, Earth Current-Meters, Fluxmeters, Thermo 
Junctions, Electrostatic Voltmeters, Wattmeters, etc. 


Write for bulletins. 
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PYROMETER 


The Engelhard Switch assures 


clean, positive contact 


and, therefore, accurate readings! 


HE above automatic switch used 

on Engelhard multi-point pyrom- 
eter recorders is practically perfect. 
Each switch is a small glass bulb 
sealed in platinum electrodes, con- 
taining a small quantity of mercury 
protected from oxidation. 
The levers on which they 
are mounted are succes- 
sively tilted by the oper- 
ating solenoid, opening 
and closing contact. Thus, 
a reading on the recorder 
chart from each of the 
six thermocouples to 


which the pyrometer may 

















Recording and indicating instru- 
ments, automatic temperature and 
gascontrol, pyrometers, gas analyz- 
rs, thermocouples, thermometers. 


V/hen writing to the above mt 
















30 YEARS jf ©! 


be connected is obtained progress 


ively. Corrosion the enemy of 
accuracy, builds up a resistance to 
which will result in low 


Only a 
Engelhard is 


current 


readings. mercury switch 


such as the entirely 
free from corrosion. 

The Engelhard Switch 
like all Engelhard indus- 
trial instruments—is simple 
in operation and construc- 
tion...and ruggedly built 
to withstand hard service 


difficult 


industrial conditions. 


under the most 
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BURGESS-PARR 


OXYGEN BOMB 


CALORIMETER 
ADIABATIC TYPE 


Unsurpassed for determining rm 
the calorific value for fuels, yn (YW 
foods or other combustible j | 
1 
| 


' 
material 


4 Sle nd 


A precision method for speed, simplicity of operation and 
maximum obtainable accuracy in routine work. Built so the 
inexperienced operator will more quickly acquire the tech 
nique necessary for exact work; to the experienced chemist 
offers a simpler, more rapid and equally exact method for de 
termining calorific values. 
An exclusive feature is the ILLIUM Bomb, perfectly resist 
ant to the corrosive products of combustion. 
Other Burgess-Parr fuel testing apparatus includes Peroxide 
Calorimeters, Sulphur Bombs, Sulphur Photometers, Tota 
Carbon Apparatus, Illium Crucibles and Recording Gas Cal 
orimeters. 

Full particulars from your laboratory supply dealer 

or write us. 


BURGESS-PARR COMPANY 


MOLINE, ILLINOIS 


Successor to THE STANDARD CALORIMETER CO., Est. 1899 
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JEWEL brag, 


wa et * ne ann ca. 


RESISTAN. . 


SelfContained Ohmmeter 


designed especially for radio service 


EREisan instrument that makes 

it easy to check radio resistors 
quickly and accurately. The Jewell 
Pattern 4Ll Ohmmeter is a high 
grade D. C. instrument witha sub- 
base carrying a three cell battery. 
The instrument is therefore entire- 
ly self-contained and independent 
of external voltage supply. Current 
drawn from the battery is very low 
and with ordinary use the battery 
lasts several months. It can be re- 
placed conveniently. 
The knurled knob which can be seen 
at the bottom of the illustration 
provides adjustment for battery 


voltage variation through a mag- 


netic shunt. 


binding posts are 


In service the 
using and 


short circuited before 
the pointer adjusted to the top of 
the seale by turning the knob. This 
corrects the instrument to the ex- 
act battery voltage available and 
any resistance placed across the 
binding posts is accurately indicat- 
ed in ohms direct on the seale. 


Write for bulletin describing the 
Pattern 41 Ohmmeter and the 
scale combinations in which this 
time-savinginstrumentisavailable. 


Jewell Electrical Instrument Company 
1650 Walnut Street, 


Chicago 


Manufacturers of a complete line of Portable and Switchboard 
Instruments and an extensive line of Radio Service Equipment 
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DEPENDABLE 
Speed Indication 


HE whirring blades of the propelle: 

the roar of the engine—are not 

mere sounds to the experienced ayia- 

tor, but the voice of the machine. 

speaking to him in a language which 

only those familiar with aircraft can 
understand. 


Machines have as many languages as 
there are types and sizes. Even two 
units of identical design have their 
own peculiarities of speech. But 
Model 544 Magneto there is one medium of communica- 
tion between man and the machin: 
which is common to all countries and 

all tongues—the electrical measuring instrument. 





Speed measurements—correctly, smoothly and instantly in- 
terpreted in terms of any desired units—can now be obtained 
with reference to practically every kind of rotational machinery 
by means of a Weston instrument. 


The Weston Electric Tachometer, made in several types to meet 
varying requirements, is everywhere translating the speed of 
machinery into practical operating units which all can under- 
stand giving timely warning of serious fluctuations, and pro- 
viding a positive means of controlling the proper functioning 
of equipment. 

Long the accepted standard in the railway and marine fields, a 
new, small and compact type of the Weston Tachometer known 
as the Model 544 Magneto, together with suitable indicators, is 
now available for aircraft engines, diesel engines, motor boats 
and motor buses. 

We will be pleased to discuss its specific application to your 
individual requirements. Address the factory or our nearest 
sales representatives. Offices in all the principal cities of the 
world. 


WESTON ELECTRICAL INSTRUMENT CORP. 


591 Frelinghuysen Ave. Newark, N. J. 
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They Stop Spoilage 
and Save Money... 


ODERN industry has found a 
modern way to stop spoilage, 

reduce operating costs and improve 
quality 
This is being accomplished by 
Stromberg Process Timing and Sig- 
nalling Instruments and Stromberg 
Automatic Contact Repeaters. 
These instruments make contacts at 
any predetermined interval or will 
continually repeat a contact for any 
interval for which they have beenset. 
They ring bells, light signal lamps, 
start and stop electric motors, 
reverse drafts, open and close valves. 
And month after month they are 
being installed in plants where only 
a short time ago it was thought that 
there was no need for them! 
Perhaps you too can profit by install 
ing Stromberg Process Timing and 
Signalling Instruments and Strom 
berg Automatic Contact Repeaters. 
Just fill in and mail the coupon, and 
we will send you a copy of our new 
bulletin without placing you under 
any obligation. 





STROMBERG ELECTRIC COMPANY 
241 W. Erie St., Chicago, Il. 
Sales and Service Offices in Principal Cities 
sempesdey Time Recorder Co. of Canada, Ltd. 
o5 Victoria Street, Toronto, Ontario 


STROMBERG TIME 


“Turns Wasted Minutes Into Profits” 


STROMBERG ELECTRIC COMPANY, 
241 West Erie St., Chicago, Ill 
Send me your bulletin on Process Timing and Signalling Instruments 








Firm Name ee 
By 
City. State 
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Actual width of Chart is 9 


for Controlling 


Temperatures 


" MODERN machine tool for controlling ter 
tures that phr ise well describes the I 


rotentiometer Pyrometer. It’s a different py 
essentially different from any other—with cut 
and substantial machined parts that are driven } 


a motor of ample power 


In its detecting circuit 1s a sensitive except 


sensitive—swinging metal finger. It swings 
left in response to temperature changes, but 
fe itself measure It merely guides the action 
t measuring machine 
pence cape seed atalog 87-1 ic, This L & N Potentiometer Pyrometer con 


superior order of accuracy with the sturdiness es 


3.1.3 | ] 
) dependable service in industrial plants 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA 


Branch Offices: Cleveland Chicago Houston Los Ange'es San Franciscc 
















A Modern Machine Tox 

















LEEDS & NORTHRUP 








L&N Potentiometer Pyrometers—Different from All Others—Most Accurate in Industry 


For Indicating, for Recording, or for Automatically Controlling Temperatures 
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Pyrometer Controllers 
and Recorders 


HE problem of how to measure tem- 
perature accurately is acomparatively 
simple one. At least it is simple in com- 
parison with the greater problem of meas- 
uring temperature accurately under ad- 
verse conditions in industrial plants, and 
to continue to do so day and night, year 
in and year out. 


It is for this greater problem that our 
pyrometers are designed and 
constructed. 


Witson-MAeuLen (0 


INCORPORATED 








387 Concord Ave. New York, N. Y. 
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INDUSTRIAL. — SCIENTIFIC 
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To Our Readers 

N the various stories of trick flights we find considerable space devoted to 

the instruments—the instruments mounted in the plane. There is no 
doubt that these instruments contribute very materially to the success of 
the flights—but the meterological instruments used by the airport and 
weather observatory are just as important. 

In spite of the advances made in aircraft construction the success of a long 
distance flight is still, in a large measure, dependent upon weather conditions 

A very interesting paper entitled “New Aircraft Instruments” was read 
by Captain S. J. Zand, Aeronautical Engineer, Taylor Instrument Com 
panies at the Pittsburgh Aeronautic Meeting of the American Society of 
Mechanical Engineers on March 12th. In his introduction the author 
briefly traced the increasing application of instruments in aviation, explain- 
ing the essential characteristics of such instruments. 

In the discussion of the paper, Captain Zand brought out that very often 
there was not sufficient forethought used in planing airports. Usually in 
the case of the construction of an airport, thousands of dollars are spent 
for purchasing the ground, leveling it off, constructing the hangar, etc. and 
when everything is ready, it is found that no money is left for ground 
instruments. 

This condition is not peculiar to airports, but is met with in the construc- 
tion of many manufacturing plants and even laboratories. A recent case 
which has come to the attention of the editor is a research laboratory, which 
constructed a building costing close to a million dollars. This laboratory 
lacks a number of instruments necessary to carry on some of its problems, 
but makeshift means are used as the money required for the purchase of the 
instruments is not available. 

A subterfuge used by the editor, when he installed a research laboratory 
several years ago, was to purchase the instruments on the installment plan. 
Most companies have a rule that all purchases amounting to more than one 
hundred dollars, must be passed by the general manager or some body else 
If the instrument cost about three hundred dollars, three repair orders, 
each for one-third the amount were issued. 


Another Reader Recognizes the Advantages of Instru- 
ments’ Make-up. 
Quoting from his letter: 
‘The detail that particularly appeals to me is that the articles are kept 
together and hence the whole block of pages can be removed from the maga- 


zine and filed.” 
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The Engineer’s Handbook of 


Industrial Instruments 
M. F. Béhar* 


CHAPTER II 


Industrial Temperature Instruments 


Continued) 
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Part 3—INDICATING PYROMETERS 


1. General Remarks 


As in the case of Part II, which discussed only indicating thermometers 
this part of the temperature instrument chapter will discuss only indicating 
pyrometers, leaving for subsequent parts the descriptions of the mechanisms 
and circuits peculiar to the recording and to the controlling instruments. 

In Table I, the classification of indicating pyrometers divided them into 

1) thermo-electrical, (2) optical, (3) radiation and (4) fusion. The first 
three classes, in their industrial forms, are made up with scales across which 
pointers travel. The fourth class, comprising pyrometric cones, was 
designated as “supplementary.” In the following discussions, therefore, 
the first three classes (and the types within these classes) can conveniently 
be compared with one another, but for obvious reasons the fusion cones must 
be considered as a separate class, not subject to comparisons, for they are 
not temperature measuring devices and we included them in Table | 
for practical, not logical reasons. 

Greater progress has been made in industrial pyrometry since the world 
war than in the century preceding it. Pyrometry seems to be one field in 
which the laboratory is indebted to the plant. Had it not been for the 
many remarkable developments and exquisite refinements in industrial 
pyrometers in recent years, it is possible that the International Conference 
on Weights and Measures (including our own Bureau of Standards) might 
not have honored the thermocouple and the optical method by assigning 
to each of them a place as a primary international standard of the Inter 
national Temperature Scale. 

Recent developments, indeed, make it necessary to point out also that 
many of the tables of fixed points in fairly recent textbooks and reference 
works are obsolete—the exact values in degrees International having lately 
been determined beyond doubt, so that discrepancies among the books other 
than International tables need no longer perturb metallurgists and other 
engineers. 

A comparison of the three classes of pyrometers along scientific lines is 
of little interest here; but from a practical point of view, a comparison is 
both obvious and simple: 

1. The sensitive element of thermoelectric pyrometers is generally in 
mersed and is almost always a contact element, whereas both radiation and 
optical pyrometers are sighted from a distance. 


11 
il 





“Engineering Editor 
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Therefore, there is an element subject to wear in thern 
pyrometers which is not found in the other two classes. 


3. With thermoelectric and radiation pyrometers you can get ten 
indications on panel-board instruments and get temperature re 
charts, and you can readily install multiple-switching arrangements. W); 
an optical pyrometer you can only measure the temperature of one t 
a time—the object you sight—and you cannot obtain temperature 

at least not in this year 1930. (We are speaking, of course, of ir 
instruments on the market. It is scientifically easy to replace th 
eye by an electric eye and connect up a vacuum tube amplifier and 

ing meter to the photometer . . . It will be done for industr: 

tions before long!) 


4. The conditions for high accuracy in the use of thermoelect 


optical pyrometers are fairly easy to realize; on the other hand, su 
monly overlooked factors as invisible gases and vapors may serious}; 
the readings of radiation pyrometers. Therefore, the latter are cor 

“less accurate’—for use, not intrinsically— than the other tw 


Under standardized industrial process conditions, however, their indi 
can be just as dependable even though they may not be indicatior 
true temperatures. 


5. As regards simplicity versus complexity, class distinctions h 
ceased to exist—among these three classes. Certain types and m 
any one class are much simpler, and others much more complicated, 
types and models in other classes. The same applies to ruggedn 
each class there are both robust and delicate instruments. 


As regards the amount of skill required, we must first ask the g 
what sort of skill? Certain it is that optical pyrometers requir 
“skill of observation” which the other classes do not. Then too, “‘skil! 
sighting” is very necessary with portable radiation pyrometers, some\ 
necessary with optical pyrometers and quite unnecessary with the: 
electric pyrometers. It is possible, however, to sight radiation pyromete: 
once for all by attaching them securely in one position at a definite 
from a peep-hole or a refractory tube. A certain amount of skill is requi 
regardless of class in following the manufacturer's general directions 
a permanent installation is made. The “maintenance skill” required 
not depend so much upon the class as upon the particular construct 
circuit of the instrument and of its auxiliaries if any. Above all, skil 
rather, experience and judgment are almost always required to detect 
promptly remove causes of inaccuracy. See below under “Troubles.” 


7. Causes of inaccuracy may arise within the elements of the instru: 

or systems. Some of these will be dealt with below. But the m 
portant causes of faulty indications arise outside of the instrument 
installation. Some of these have been referred to in a general way in C! 
ter I and also in Part I of this chapter. It is well to emphasize the fact tl 
eternal vigilance is the price of continuously accurate measurements of hig! 
temperatures on industrial applications. Pyrometers of all classes ha 
been improved, refined, simplified, and made easier to use, but the ! 
proof pyrometer has not been invented and perhaps never will be. 
will anything ever take the place of sound technical training as a re 
ment for getting the most out of any class or type of pyrometer. 
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2, Thermoelectric Pyrometers 

Principle. No scientific law is involved. The “thermocouple effect” 
* ply the generation of an electric current in a circuit that includes 
jissimilar metals in contact—the electromotive force increasing as the 
temperature differential increases—such increase being known in advance 
with as much accuracy as the coefficients of expansion of mercury and of 
various gases . . . provided the thermo-elements are pure. 

The “thermocouple effect” is the sum of two other effects —theoretically 
the algebraic sum but fortunately in practice the plain addition, which 
makes it convenient all around. An easy way of aprving * just what hap 
pens is to remember that “Seebeck equals Peltier plus Thomson.’ We 
deliberately omit a diagram here and ask the reader to get a mental picture 
from the following paragraphs: 

Seebeck. Take two wires of dissimilar metals. Weld their ends (o1 
just twist the two pairs of ends). You naturally get two “junctions.” 
Heat one junction. The moment there is a temperature difference, a cut 
rent flows in this circuit. This is what Seebeck discovered in 1821,but he 
let it go at that without knowing that there are two distinct causes of emf 

Peltier. Take two different metals. Place them in contact. The mom 
ent there is contact, an emf is set up. This emf varies according to the 
metals and to the temperature—the one temperature of the one junction 
Peltier discovered something like this in 1834 and the emf so produced is call 
ed the Peltier emf. 

Thomson. Take a wire—a homogeneous metal wire. Heat one end of 
it. The moment there is a difference of temperature between the two ends, 
in emf is developed. The same happens when there is a temperature 
gradient between any two points on a wire. This is what William 
Thomson (Lord Kelvin) discovered. Thus we have the Thomson emf, 
Essential Parts 

The exact measurement of the Peltier emf and of the Thomson emf 
concerns only scientists and manufacturers of pyrometers. All the en 
gineer need known in this connection is that in order to utilize the “thermo 
couple effect”’ it is necessary that the pyrometer outfit include the following 

(a) The hot end, inserted where the temperature is to be measured and 
embodying the hot junction, which is generally at the tip. The hot junc 
tion itself is the sensitive element. 

(b) The cold junction, which usually is not one but two connections 
between each of the thermocouple wires (or their extension leads) and the 
ordinary copper leads of the instrument circuit (or the brass terminals of 
the electrical instrument.) 

(c) Some provision for keeping the cold junction at a constant tempera 
ture, or (and this is important in industrial plants) some provision for the 
automatic compensation for variations in cold junction temperature. 

(d) An electrical instrument for accurately measuring the comparatively 
feeble emf. We have seen that this emf has two components (that is to 
say four or more as read by the instrument—depending on the circuit) 
but from now on we can almost forg get this complexity, because industrial 
thermoelectric pyrometers are so designed and constructed—and are so 
installed when directions are followed—that all significant emfs are ad 
ditive at all temperatures within the range of the instrument.* 


"Strictly speaking there is an unavoidable Pe ltier effec t in the wrong direction at the Jjunction. But it doesn't 
n ‘ferential if the 
ential if th 


hatter in practice, the Seebeck effec t or thermocouple emf increasing with the temperature d 
erials are properly chosen 
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(e) Various appurtenances and features—some of them essential 
insulation, protection, etc., and some optional, such a's styles of tubes 
inal heads, forms of circuits, construction of electrical instruments, et: 

The appearance of typical thermoelectric pyrometer outfits is excell 
shown in Figs. 21 and 22. The first illustrates a millivoltmeter syste: 
second a potentiometer system. The difference is in the circuits 1 
than in the outward appearance. If the reader is just beginning t: 
pyrometry he is strongly urged to study these two pictures. 


When you want to know people, you study their minds rather tha: 
photographs. The various parts of a thermoelectric pyromete: 
which you buy, install and work with, are the “body;” the “soul” 
thermoelectric circuit, which must be understood to some extent in order t 
make intelligent use of thermoelectric pyrometers—especially after n 


In the last forty years, and especially since the war, a great deal has bee: 
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arinted about the thermoelectric circuit. About fifty references are in 
‘he room where this is being written. Most of the scientific discussions 
‘re too long and deep for practical men; all of the “popular” treatments 
. far seen) are more or less erroneous. Dozens of engineers in the Pitts 
surgh district could offhand present a more lucid explanation than 48 out of 
the 50. The following discussion is designed for plant engineers interested 
 nvrometers rather than in electrical science. 
As good a way as any is to start off with the simplest possible circuit and 
. through the main points of the millivoltmeter circuit, taking up some 
questions applicable also to the potentiometer circuit, so that when the 
vtter is reached, only its distinctive features may be dwelt upon. 
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The Millivoltmeter Circuit. The simplest form of the thermoelectric 
pyrometer is shown at A, Fig. 23. If both junctions are at the same temper 
iture there will be no Thomson emf, while the two Peltier emf’s neutralize 
each other, being equal and opposite. No Seebeck effect—no flow of cur 
rent. Now heat the hot junction. A current will flow, but we have no 
means of measuring it—we can’t even know that it flows. 

The next step, then, is to untwist the wires at the cold end and connect 
them toa millivoltmeter, as shown at B. Now we can measure the poten 
tial drop across the instrument terminals. These terminals, by the way, are 
commonly brass binding posts. New effects are created but they are mutu 
illy compensating if both connections are at the same temperature. It 
amounts to this: “metal X to brass; brass to metal Y,” so that the pair of 


cold end connections remains in effect the cold junction. The emf in 
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dicated by the millivoltmeter is proportional to the thermocou; 
less than the true value, of course, on account of circuit resist 
any rate we can calibrate the scale in degrees of temperature. 

It is not possible, however, to realize such ideal simplicity. I; 
we can’t put an instrument right at the terminal head of a ther 
mounting. We must have an actual circuit (even in portable py 
as shown in figures 41, 43, 45 and 46). An actual circuit—not 
one—means a circuit in which the resistance of some portions w 
uncontrollably (poor contacts, corroded wires, “resistance thet 
effect,’ etc.) The answer is to introduce a fixed or controllable 1 
so much higher than the rest of the circuit—where variations oc: 
these variations will become negligible. Circuit C shows thi 
“ballast” or series resistance. It usually is made of manganin, whi 
zero temperature coefhcient. There are other methods, discussed hy 

In practice we want to save money by running copper leads fi 
furnace to a remote instrument. This modification is shown at D 
now we have seriously affected our circuit. Here is why: 

A long copper wire acts as a resistance thermometer. The: 
must make the series resistance still higher. Secondly, we must 
thing about the cold junction temperature, because the only current 
interested in (the one which deflects the millivoltmeter coil) is pri 
the difference between the temperature of the hot junction and that 
cold junction.* If the cold junction is at the terminal head of the t 
couple tube, the heat radiated by the furnace in which the ther: 
is installed may bring up the temperature of the cold junction f1 
temperature to several hundred degrees, introducing serious errot 
way to solve this dificulty is to embody a compensating shunt in tl 
inal head, but this cuts down the current to the instrument and 
precludes using a millivoltmeter. 

Another way is simply to lengthen the thermocouple so that its « 
will be moved away from the furnace. This need not involve e1 
longer pairs of perfectly homogeneous thermocouple wires, which w 
expensive in the case of rare metal couples. The same effect is achiev 
connecting to the terminal head special homogeneous flexible conduct 
serving to extend the couple so that the cold junction may be pi 
handled. For base-metal couples these pairs of conductors may be 
the same two metals or alloys as the couples, but in the form or insu 
stranded cables for convenience. The obvious designation for suc! 
or leads is extension leads.** Fig. 23E shows the circuit thus ol 
The cold junction now consists of the two connections of the ext 
leads to the copper leads, and it may be located where its temperatur 
readily be kept constant and known. 


When extension leads are of materials different from those of the the 
couple, additional Peltier emf’s are set up. This is inevitable. Likewise 
additional Thomson emf’s are set up, for we have in effect another 
of thermocouples. Our circuit is apparently getting complicated, 
matter of fact the pyrometer makers have taken advantage of these phe 
ena, with the result that in the case of rare-metal couples extens! 


*Hence the advocacy, by some pyrometer experts, of calling the hot junction the measuring junct 
junction the reference junction. The author votes yes, but this Hand annot undertake 

to aid the movement for making practical men change their cherished te r10logy “overnight. 

**In this case the author does not hesitate to take issue with the authors of all reference treatises 


who call such leads compensating leads. 
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made of inexpensive alloys, the temperature-emf relations of which 

ich as to nullify undesired effects on the indications of the instrument. 
leads are known as compensating leads. Their main purpose is to 
eract the cold junction emf at the terminal head and set up an emf at a 
:way from the furnace, “removing the cold junction” as do extension 
made of the same materials as the couple. Compensating leads are 

9 used in various ingenious ways in the circuits of millivoltmeter pyro 
meters on the market. There is no space to discuss the many interesting 
bilities, but Fig. 23F shows how for example the cold junction may be 

» to consist (physically) of one junction. This is of great advantage in 
ti switch installations—one indicator connected to a number of thermo 
The electrical problems of such circuits have been worked out 

» the manufacturer, and as far as the user is concerned the circuit is as 
simple as it looks in the figure. 

The same may be said of circuitG. The indicating instrument contains 

t only the series resistance but the cold junction and also a mechanical 
r electrical arrangement which obviates entirely the need of keeping the 

ld junction at a constant temperature (see below under “Cold Junction 
Compensation’) Instead of having the cold junction half way between the 
furnace and the indicator it is removed all the way up to—and inside—the 
nstrument case. The circuit is simplicity itself. ..as far as the user is 

ncerned. Wecan let it go at that! 

The Question of Resistance—This pyrometric question reminds one 
f prohibition; arguments between “highs” and “lows” broke out at about 
the same time as those between wets and drys—and still rage. The main 
facts 

1. A thermocouple develops a very feeble emf (See Chart 1). Hence the 
need of a sensitive instrument. 

2. Pointer deflection depends on torque. Torque depends on ampere 
turns in the moving coil. It is a matter of current because you can’t in 
crease voltage. 

3. The lower the resistance, the higher the amperage—the more current 
vailable for the moving coil. But 

4. With a very low resistance instrument, variations in line resistance 
produce incorrect temperature indications(as explained on the opposite page). 

5. Introducing a manganin series resistance of several hundred ohms 
“eats up millivolts,’ reducing the emf available for conversion into ampere 
turns. 

Actual figures are now given for typical circuits: 

Base-metal 


j 0.1 ohm. 


Resistance of thermocouple when cold 
Probable variation of thermocouple resistance due to 

sertion to different depths and into furnaces at different 

temperatures. . ohm 0.01 ohm 
Resistance of copper leads 1m 0.25 ohm 
Resistance of copper coil in millivoltmeter ohm 2 ohms. 
Probable change in resistance of leads and coil due to 

change in atmospheric temperature ohm 0.09 ohm. 
Probable consequent total change in circuit resistance ohm 0.1 chm 

finimum total resistance by addition of a manganin 

sefies resistance in order that above change in resist- 

ance does not exceed 1% of the total resistance m 10 ohms 


Emf of thermocouples at 1800°F 40 millivolts 
trent flowing in moving coil generating the torque 40 
milliamperes) 


l( 
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It will be seen that the “amperage” of the base-metal couple 
eighty times that with the rare-metal couple. In practice the actu 
can only be thirty to forty times as large. Here we must cor 
practical problem of making use of the amperage while obeying O} 


Say we have a current of exactly one ampere passing 


around a coil four times, through a thick wire whose \ 
resistance is one ohm. We can get the same torque in 
another coil, with only one-quarter of an ampere, if we \ 


use sixteen turns. But can we get one-quarter of an 
Thick wire few hk r 


Low Re i Slance 





ampere? If we cut down the diameter of the wire one 
half, we can get the sixteen turns, which will have the 


same cross-sectional area and the same weight But 


the resistance of each turn will be four times as high, and 
the total resistance of the coil will be sixteen times as 
high. Therefore, with the same emf of one volt, we 
will have only one-sixteenth of an ampere passing 
through it, and we can only obtain one-fourth of the Thin wire, many ture 
congue Hist Renalancs 

This electrical dilemma is complicated by difficult problems of 
instrument-making in the case of high-resistance instruments in w! 
available torque is very small: Friction then becomes so large a f 
be conquered that in general we find that the high-resistance instt 
on the market are of the vertical coil type (Figs. 38, 39 and 42) 
those instruments known as mediumresistance indicators have | 
coils (Figs. 21, 40, 41, 43 and 45). 

Now let us go back to the above typical figures. The resist 
copper leads in the base-metal circuit was given as only one-fourtl 
in the rare-metal circuit—which is usual practice. It will also | 
that the variation in resistance of the typical rare-metal coupl 
greater than that of the base-metal couple. This is because rare 
thermocouple wires are of very small cross-section—and the reasot 
is that platinum is expensive. Moreover, even if you paid $100 
special low-resistance rare-metal couple constructed like the iron« 
couple illustrated in Fig. 35, the emf developed would remain tl 

In view of these considerations it is possible to lay down tu 
statements 

(1) With a rare metal couple it is always better to use a high 
instrument. 

(2) With a base-metal couple and short leads to the instrument it 
is preferable to use a low-resistance instrument—what the manut 
call a medium-resistance instrument. This is also advisable mech 
because an indicator placed close to a furnace or other apparatus | 
subjected to vibration and occasional shocks and must therefore be 1 
Ruggedness is realized with low-resistance (high-torque) indicator 
easily than with high-resistance instruments—other things beir 

This does not mean that high-resistance industrial instruments 
cate. Witness the following quotation: “As proof of what instru 
constructed will stand in the way of rough handling, we ship the 
out clamping the moving system. The handling they receive 
gentle compared with what they receive during shipment.” 

Inasmuch as the ideal proportions of the various resistances 1! 
meter circuit are unatainable, each manufacturer has worked 
optimum proportions for circuits consisting of standardized therm: 
extension leads, and indicators. As a rule, it is unwise to depart f 
specifications recommended by a manufacturer for any industrial ap} 
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e Resistance Compensation—It has been shown that the way 
imize errors caused by fluctuations in line resistance is to use hig! 
nce indicators. For good results, with any millivoltmeter, it also 1s 
dvisable to take care of gradual increases in the line resistance which 

w up in service. One obvious way 1s to measure the line resistance 

rom time to time with a Wheatstone bridge, and to correct faulty condi 

tions as they are thus detected. This method is used in many plants where, 
neans of portable test sets, lines are frequently inspected and kept in 
J condition, making it possible to use low-resistance indicators year 
fter year quite satisfactorily. This, however, is not “compensation.” 
There are two methods of compensation, the second being a development 


] 
i 


tf the frst: 

1) Using an adjustable series resistance. Indicators are made up witl 
such rheostats and calibrated with the resistance at its maximum value. 
The adjustable resistance is reduced from time to time as the line resistance 
ncreases—such increase being determined by a portable test set 

2) The Harrison-Foote method. This device obviates the need of a 
separate test set by a built-in arrangement of resistances, one of which 1s 
djustable and in series with the line and moving coil, and is set at its 
naximum value when the indicator is calibrated. The arrangement ts 
such that when the instrument ts used for the first time the series resistance 
can be adjusted by seeing that the pointer reading is the same with a push 
sutton (or key) open or closed; and thereafter, as the line resistance in 
reases. this series resistance is reduced from time to time—the adjustment 
ing conveniently made the same way by seeing that the readings are the 
same with the key open or closed. This device is useful for multiple 
installations of different line resistance, as many series rheostats being used 
s there are thermocouples, and each being adjusted from time to time in 
the manner described. 

Cold Junction Compensation—Any variation in the cold end tem 
perature will cause a corresponding error in the indication of the hot junc 
tion temperature. As with the line resistance question (which 1s less 
serious) we can do two things: take care of the cold end by keeping it at a 
constant temperature, or let it fluctuate but compensate for variations. 


To keep the cold end at a constant temperature it must be moved away 


from the terminal head of the couple mounting (by extending the thermo 
couple as explained above) to where we can locate it at will. There are 
several ways of keeping it within a couple of degrees plus or minus. For 
checking and testing purposes in the plant, as well as for scientific work 
in the laboratory, a thermos bottle filled with cracked ice is best, for it 
gives the “ice-point reference junction” within a fraction of a degree and 
makes possible precision work with the most accurate tables and charts. 
For most production work (outside of heat treating, certain refinery appli 
cations and other exact processes) the cold end may be buried—down a 
pointed pipe driven 10 ft. into the ground. Thermostat-controlled boxes 
ire also in use. None of these methods, however, despite the text books, 
is reah’compensation.” There are two distinct methods of compensation 
manual or automatic. 


(1) Manual compensation, used when the cold end is brought to the 
indicator, is usually called “zero setting.” The circuit is opened, the 
pointer is set to read the temperature of the instrument, and the circuit 
closed for work. The instrument is at the room temperature (except when 
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carelessly located) but in order to eliminate guesswork a simple ther: 
may be embodied in the indicator, as illustrated in Figs. 24 and 25 
former showing a device which saves close examination of the s« 
just set the millivoltmeter pointer opposite the bimetallic ther 
pointer. 


(2) Automatic compensation is obtained in many different way 
laboratory, but in the plant there are three important methods: (a) 1 
cal, (b) electrical and (c) magnetic. 


(a) Fig. 24 suggests a simple mechanical automatic method: lett 
metallic spiral move the pointer. As a matter of fact the Brown 11 
has such a spring, which may be seen in Fig. 38 (top—where art 
and I would meet if prolonged) as a white spiral with its outer e1 
down where the hairspring is attached to it. This method, introdu 
the Bristol Company, is used in several makes, and is most effective « 
the thermostatic coil compensates not only for the cold junction te! 
ture but also for the variations in the resistance of the millivoltmetet 
ing coil (especially when such coil has a high resistance and is m 
copper, which has a high temperature coefficient). 


(b) Unlike the electrical method of compensation for line resist 
which requires manual operation, the electrical method for cold end te: 
ature compensation is fully automatic. Fig. 26 is a diagram of the W1 
Maeulen Wheatstone bridge compensator. Three sections of this b 
are resistances composed of materials of constant resistance. The f 
section is of material having a definite and exact change of resistat 
proportion to change in temperature of this coil. The resistance chang 
of this compensating coil alter the relationship between the sections of t! 
bridge, causing the current from a dry cell battery, connected acro 
bridge, to correct the thermocouple emf electrically in accordance wit! 
changes of the cold junction. This temperature-responsive coil ai 
cold end are both located at the instrument, where both are subject t 
same temperature changes. A rheostat in the battery circuit adjusts t! 
battery current to exactness, and a convenient switch connection perm 
checking of the rheostat adjustment, using the pyrometer millivoltmeter t 
measure the battery adjustment to a check point on the scale. 
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The magnetic shunt automatic method is ingenious: just a small 
block of iron on a thermostat spring which brings it closer to or farther 
from the poles of the instrument magnet as the temperature varies, affecting 
the strength of the field and hence the effective torque of the coil. Such a 


itor’ shown in Figure 41. 


With or without cold junction compensation it is always necessary to 
keep the two connections, which make up the cold end, at the same tempera 
ture. A temperature differential between the two binding posts will cause 

corresponding error in the indication for in effect it creates a new 
thermocouple. 

Another point to remember is that where the indicator is exposed to 
heat radiation from a furnace, the terminals, if they are not enclosed in the 
instrument case, may be at a much higher temperature than the inside of 
the instrument where the automatic compensator is installed 
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The Potentiometer Circuit—(The hasty reader turning 
this page is advised to turn back to the heading “The Mill: 
Circuit’ and at least glance through those pages, because the 
applicable to both types of circuits will not be repeated here. 
cision work the potentiometer is greatly preferable to the milliv 
First, it is much more sensitive. But even more important, the | 
meter method makes it possible to measure the emf developed 
thermocouple, quite regardless of variations in circuit resistanc 
of leads, and other electrical conditions which may seriously 
reliability of millivoltmeter indications, especially after months 
industrial service 


Contrary to popular belief, the potentiometer circuit is not to 
cated to be understood by any engineer who knows Ohm's 
simply a bridge circuit in which an unknown emf is opposed to 
emf, standardized by means of a standard cell, and resistances 
until there is no flow of current at all at the moment of measurin 
applies only to the true null-method potentiometer. In a deflectior 
meter a part of the emf is unbalanced, and measured in the usu 
its effect on a moving coil). 


Now consider what this means in thermoelectric pyrometry 
have a 30” rare-metal couple. We want to measure the uniform tei 
of a furnace. A millivoltmeter may read 20°F higher when the 
couple is immersed a few inches than when it is immersed all th 
the reason being the increased resistance of the thermocouple wir 
form part of the circuit. Industrially, 20°F is “plenty accurate” 
temperatures, but with a potentiometer there can be no differer 
two indications. 


Industrial potentiometer indicators cannot give continuous 
unless the same mechanism which accomplishes the balancing 
corder or automatic controller is used. (These mechanisms will 
with in Parts 4 and 5 of this chapter.)* In all the world there 
two makes of industrial potentiometer pyrometers, both of them A 
One is the Leeds & Northup; the other the Wilson-Maeulen. | 


Northup Co. has brought out an indicator which can be used 


without a recorder or a controller. The instrument is shown in | 
In order to read the temperature, however, it is necessary to bal 
circuit by means of a knob. The Wilson-Maeulen Co. has brought 
self-balancing indicator, but it is embodied in that Company's contt 
Thus there is no such device on the market as a self-balancing p 
meter indicator. The reason is simple—the cost of the additional me 
may as well be applied to meet most of the cost of a recorder ot 
trol unit. 

Now as to the hair-splitting: For laboratory work there is an 11 
distinction between a true null-method potentiometer and a det! 
potentiometer. The true null-method requires that no current flow 
moment of measurement. But in order to balance the circuit we re 
galvanometer. Let us then call the galvanometer a millivoltmeter o1 
voltmeter (which it is) and calibrate its scale in degrees and fractions 
we have the deflection potentiometer. True, a very tiny current w 


*The next installment of this Handbo end Part 3 of the Temperature chapter (II 
and Optical Pyrometers. Part 4 (Recordin mperature Instrument th thermometer 
shed in Jur sal 





INSTRUMENTS 


ler to deflect the pointer one way or the other, | 


t scientific precision we obtain convenience: quicker 


entially, the circuits of all potentiometers are mi 
posing emf principle” 1s always the same. The follo 


the Leeds & Northup circuit. 


the wiring of the 


circuit, ABCDEFG 
e throughout its ler 


t from the cell 


pr 
ge is constant connecte 


OV 


1 F by closing the con 1own between S. C 


irrent is to be stand 
eostat R 1S then rdju 
> DGE and tl 


e same way as when 
le wire DGE has | 


uple connecte 


Automatic Cold Junction Compensation. Tocorrect 
if +} j 


the cold end, the potentiometer may have either of 
In one form the operator is required to set a small index 
corresponding to the known cold junction temperature, 
under the millivoltmeter circuit. In the other form, an 
utomatic compensator is employed. The principle of 
in the following paragraphs (Leeds & Northrup 


Bra 


As previously explained, the emf 
nst the potential DG in the slide ' 
itude of the I il inci! 
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is shown in Fig. 30, and the magnitude of the potential DG may be varied either fr 

D or the point G. This gives a means for compensating for cold junction changes 
the slider D. As the cold junction temperature rises, the net emf generated by 
couple decreases, assuming the hot junction temperature to be constant. To ba 
decreased emf the slider D is moved along its scale toa new point nearerG. Ir 

the slider D is moved along its scale until it corresponds to the known temperature 
junction, and then the potentiometer is balanced by moving the slider G. The r 
will then give the temperature of the hot junction directly. 


The same results will be otained if another slide wire upon which D bears is pla 
lel with the slide wire of G, as shown in Fig.31. It is sucha slide wire, with a 
scale fixed upon it, that forms the manually operated cold junction compensator 


It should be noted that the effect of moving the contact D, Fig. 31, is either t 
and decrease M, or to decrease N and increase M; in other words, the ratio betu 
M is varied. In Leeds & Northrup indicators and recorders employing the 


junction compensator, the ratio of N to M is varied automatically, in the follow1t 


The point D, Fig. 32, is mechanically fixed; on one side of D is the constant resist 
M, on the other the nickel coil N._N is placed at or near the cold junction of tl 
couple. Nickel has a high temperature coefhcient (that is, its resistance chang 
per cent for every degree F.) and the electrical proportions of M and N are such t 
sistance change of N, as it varies with the temperature of the cold junction, has pt 
the same effect upon the balancing potential between D and G that the movement 
D has in the hand operated compensator of Fig. 31. 


Fig. 33 shows a modification of Fig. 32 to meet the condition where the cold ju 


thermocouple is to be located at some point distant from the measuring instrument 


Two obstacles have stood in the way of a more extensive adopt 


potentiometers in industrial plants. First, the name, which has det 


} 


practical men because it suggests the laboratory. Second, the higher 


of the installations. Both of these obstacles are tending to vanish 
the march of progress. 


It must not be inferred that potentiometer pyrometers will ultu 
drive out millivoltmeters. The latter in their convenient, inexpens! 
satisfactorily accurate modern forms, serve an increasing number of 
cations in industry where the greater initial cost of the potention 


not justified. However, on all applications where the emf is small and 


variations in external circuit resistance cannot be avoided, the pot 


meter should be adopted without hesitation whenever a considet 


the financial value of accurate temperature work justifies its instal 
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Thermocouples 


rT 


There is a trend toward standardization in that a few industrially suc 
thermo-elements emerge a: industry's favorites while others are 
levated to unusual applications. But when it comes to the mechanical 
struction of mountings and accessories, variety grows greater with 
t every new catalogue. On the whole this is a healthy situation 
Very little choice of elements, so that users need not buy headache 
ders when faced with making a decision; 
A pleasantly wide choice of constructions for all important 
ns— illustrated and described as well as priced; 
A growing number of “specials,” each made to order for some 


ndus try or standardized piece of equipment. (These include c mplete 


iting systems, quantity-built and assembled, and consisting of thermo 
uple, cab le and millivoltmeter indicator—all “ready to use”). 
Thermo-elements— About fifteen years ago the vogue began of listing 
great detail the ideal specifications of thermocouples. This is like describ 


ng the ideal tool-maker or oil-refinery superintendent: “Try and find 


With pyrometers you must generally take what you get an 
The reason is that every conceivable pair of metals and alloys 


has serious limitations as well as definite advantages. In the laboratory 


\ 


EMF IM MILLIVOLTS 


you can select any two materials, work out a circuit, handle the cold junc 


. and calibrate an indicator for use with that one particular couple and 
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TABLE III. PRINCIPAL CHARACTERISTICS OF EF. 
MENTS COMMONLY EMPLOYED IN INDUSTRIA|! 
THERMOCOUPLES ON THE MARKET 


(Exclusive of temperature-emf relations) 





RARE BASE-METAI 
METAI 


It Copper Chromel X Iron 
C ouptl 
Pt-Rh (‘onstantan Copel Constantar 


Lowest temp for \pprox \pprox Approx 
atistactor\ re POO 4 2OO ¢ POO ¢ 
results (1 39°} 1O0°R 1OO°R 100°} 


t temp for 
good result 1450 550°C 


BARE couple in 2650" 1 1O20°K 


Highest temp tor 
good r¢ ult 
BARE couple in 


molten metals 


Highest continuou 
temp tor good 1400 ¢ 0 ¢ S50 ( 
results, usual pro- 2550°R 660°F 1O20°F 


) 


tection 


Depend 


Reproducibility (8 | on 


Resistance to Cor 
rosion 


Resistance to Oxi 
dation 
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ot wire 
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$2.00 per 
inch of 
No. 24 
Gage 


( ouple 


Standards Low 
and Preci Tem- Oxidizing \tmosphe 
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t; in the plant this procedure violates all canons of scientific manage 
Interchangeability is the great essential for production work, and 
hances are a hundred to one against unusual elements being so reproduc 

le that the instrument scale will not need recalibration. The elements 
n the market are standardized and almost perfectly interchangeable within 
ch type (See Table III). The commercial indicators have scales graduated 
degrees of temperature and read correctly for one particular type of 
thermo-elements, generally made by the same manufacturer. Every “pyro 
eter problem” within the limitations (range, etc.) of the industrial instru 


: 
nents can be taken care of. Why experiment? 


The thermo-elements on the market are as follows 

Rare-metal—Platinum versus platinum-rhodium, the alloy being 90°; 
Pt. and 10% Rh. (Le Chatelier) or 87°7, Pt. and 13°7, Rh. (Engelhard) 
Iridium, palladium and other noble metals are no longer used industrially. 


3ase-metal—Ninety percent or more are iron-constantan, chrome! 

copper-constantan or chromel-copel. Other combinations are 

1g satisfactory service and there is no intention to recommend against 

their use, but lack of space restricts discussion to the “big four” just 

mentioned, the characteristics of which are thoroughly known by the 
makers of indicators. 

Scientific literature goes into lengthy discussion of thermo-elements. The 
characteristics of interest to the engineer fall into two classes 1) The 
millivolt curve, or temperature-emf relation. This is given in Chart I. 
2) Other characteristics. The principal ones of these are given inTable 
lll. This table embodies information lately obtained from the most 


uthoritative non-manufacturing sources, and hence is somewhat con 
servative, in the opinion of the author of this Handbook who therefore, 
n order to present the manufacturers’ findings, includes here an abbreviated 
but not otherwise altered) statement by Charles Engelhard, Inc 
Platinum vs. 90% Platinum, 10% Rhodium—Standard diameter .0236” (6 mr 
iameters .020”’ (.5 mm); .0157” (.4 mm) and smaller sizes to order 
This thermo-element is recommended for temperature measurements 
2900° F.) Interchangeability from element to element and from lot to lo 
within limits of 3° C. (5° P 
A particular point should be made as to the difference in 
rhodium thermo-element and one having a higher percentage of rhodium in its 
It has been definitely established that the 10% alloy is the most refracto 
reliable. This type developes an e. m. f. of 16.90 M. V. at 1600° C., and 
M. V. at 2000° F 
Chemically, a platinum and platinum-rhodium thermo-element is ve 
nd more stable than base metal thermo-elements 
Theoretically, therefore, they should hold their calibration better than base metal types 
ven without gastight protecting tub Notwithstanding the fact that platinum is a very 
stable metal, there are few conditions © Lere gastight protecting tubes cannot be used to ad 
intage. 
This thermo-element has long been recognized as the standard throughout the world 
While the first cost of this type of thermo-element is several times more than for one of a 
base metal of the same length, it should be remembered that the life of the first can be figured 
in years as against months or weeks for the second. One of the largest industrial plants in 
America that has several hundred furnaces equipped with our 10% rhodium couples doing 
heat-treating work of all kinds, has a maintenance cost averaging around $3.50 per furnace 
per year. This covers renewals of platinum wire, protecting tubes, etc. Couples of this 
type are in service to-day that have been measuring temperatures averaging around 1800° F 
for fifteen to twenty years 
On account of the cost of these thermo-elements and their long life, ever) 
be taken to give them all possible protection 
_ Platinum vs. 87% Platinum, 13% Rhodium—Standard diameter 
meters .020”’ (.5 mm); .0157” (.4 mm) and smaller sizes to order 
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to prevent the junction “seeing” surfaces colder or hotter than the 
and giving or receiving radiation to or from such surfaces. 

Arranging a number of hot and cold junctions in series will give t 
of the emf’s; in parallel, the average; but resistance addition ot 
modifies the exactness of the theoretical values. 


Industrial Forms of Assembled Thermocouples—The few 
tions (Figs. 34 to 37 and 43 to 47) convey but a slight idea of the 
Reference was made above to “specials” which are really standard { 
industrial processes. Among these are the following: 

“Spark plug” couples comparable to short-stem pipe-thread ¢ 
thermometer bulbs and used for similar applications. Fig. 34B sh: 
one manufacturer's product. There is a satisfactory variety a\ 

“Mold” thermocouples with a very small contact area, especially 
for work with bakelite, etc. 

For brass, bronze and aluminum foundries, thermocouples are m 
unwelded elements at the end of convenient handles, which hold tw 

one for each wire. The life of the immersed ends is short but tl 
trimmed in a jiffy. There is no waste of time or material. There 1 
heavy-wire non-reeling type, the advantage of which is longer life 

For high temperature work where reliability of indication is of gi 
importance than accurate measurement of temperature, and wher 
desired to protect rare-metal thermocouples as much as possible, tl 
protection takes the form of silica blocks designed to be built into th 
of the furnace. (Fig. 47.) 

Practically all manufacturers have an extensive line of flanges 
connections for use in attaching thermocouples to the various 
industrial process furnaces and other equipment. 


+ 


Surface-contact thermocouples are shown in Figs. 44 and 46. TI 
various other forms, including even one made by Taylor especi 
hotel ranges. 

Protecting Tubes—For high-temperature work these are of far g 
practical importance than the thermoelements. Except in pure air t! 
an absolute necessity. Everyone who knows what furnace gases 
even the best refractories should not expect pyrometer makers to p! 
miraculously resistant materials out of a silk hat. 


The following properties (as listed by the Bureau of Standards) s! 
be considered in reference to the particular process for which th 
is required: 


+) 


(1) Low porosity to gases. Many tubes become very porous to ! 
gases at high temperatures. 
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) Low volatility. Certain metal tubes are undesirable at high tempera 
res 3 bee vuse the metal distills upon the couple, thus altering its calibration. 

3) Ability to withstand high temperature. 

Ability to withstand sudden changes in temperature. 

5) Ability to withstand mechanical shocks and strains 

(6) High rigidity. Protecting tubes frequently deform and exhibit the 
phenomenon of plastic flow at high temperatures. 

7) Thermal conductivity. High thermal conductivity is frequently 
desirable when rapidly changing temperatures are measured. Usually, 
however, low thermal conductivity is desired so that the flow of heat 
ilong the tube be as small as possible. 

(8) Ability to resist corrosion from molten metals or furnace gases. 

A few notes on various types follow: 

Seamless Steel tubes—up to 1400°F. Used for small diameter thermo 
couples and where thin wall metallic tubes are required for sensitivity. 

Wrought Iron tubes—up to 1400°F. Flue gas temperatures; bake ovens; 
dryers, glass lehrs; asphalt mixers; molten aluminum. Suitable where 
extreme oxidizing atmospheres are not encountered and where an inexpen 
sive protection tube is required. 

Cast Iron tubes—up to 1400°F. Concentrated mineral acids. 

Calorized Iron tubes—1500°F. Water gas plants. Resist oxidation 
better than wrought iron or steel tubes. Particularly suitable for flue gas 
temperature work, having a life three to twenty times that of wrought 
iron. Not recommended in case of alkaline reaction. 
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which are splendid contributions to i1 


low-priced instruments 
progress because they popularize high-temperature measureme: 
offered for use at temperatures far below their limit. In such cas 
the earnest salesman’s claims with a grain of salt. The best workin, 
of any moving coil electrical measuring instrument is between $ 


85, of its maximum. 


























INDUSTRIAL MILLIVOLTMETER PYROMETER INDICATORS 





SPECIAL INDUSTRIAL THERMOELE( 


Troubles 


Among common causes of slight or serious pyrometer troubles there 
may be noted the following (some of which do not apply to potentiometers) 


First and foremost— Poor Connections —loose, corroded, oily, d 
Next—Short-circuits inside thermccouy 
sources of heat Ey 


le stem caused by wo 
old junction in instrument case, this is poor practice 
signed to take care of serious increase in coil resistance (and 
sive head ten perature It cannot take care of the actual 
being hotter than the inside of the indicator 
Locating instruments where they are subjected to excessive vibration and shocks 
me sudden jar may cause two or more turns of a spiral spring to catch one another 
effect as shortening spring, which opposes coil: Readings will be too high 
No extra protection from excessive dust, fumes and moisture 
Altering length and resistance of extension and even of copper leads 
“Repairing” broken or worn extension leads with unsuitable wires 
of more than 15% with some millivoltmeter indicators 
Even in replacing leads with properly chosen new lead 
serious errors 
Various unforeseen causes of change of resistance of leads 
ver widely spaced hooks or beams will make them stretch by 
Running leads close to furnaces, etc. for long distances 


Neglecting to!check_with open circuit. 
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CHAPTER I1V—(Continued 


Stream-Line Flow in Pipes.—Let us imagine a fluid 
flowing along a straight parallel pipe under the influence of 
viscous forces only. If we consider any cylindrical element 
AB (Fig. 19) of the fluid, coaxial with the pipe, we see that 
there will be a viscous drag, which opposes the motion, acting on 
the cylindrica: surface, and for the motion to proceed steadily 
this drag must be balanced by the difference in the pressures 
acting on the two ends A and B. 

Let the length of the cylindrical element be di and its radius 
y, and let R be the radius of the pipe. 

Since the motion is assumed to be parallel to the walls of 
the pipe, there are no viscous forces acting radially and there- 
fore the pressure across any section perpendicular to the axis 
is uniform. We may therefore denote by / the pressure on 
the face A, and that on B by fp — dp. The pressure difference 


t 
R 





Direction 


of Flow 





Fic. 19. 


maintaining the motion is therefore mr2dp, and this must be 
equal to the viscous retarding force acting on the curved surface 
of the cylinder, which, from the definition of the coefficient of 


where v is the velocity at radius 7 


' ' . d 
viscosity yu, 1S 27rdlyu 
( 


ly’ 


Hence 


d 


- f av 
nv*dp - 2nrvdip Ol dp » 
( 


* 
dy’ dl y ar 

Now the velocity will be some function of the radius only, 
since 1s constant and the flow is continuous and parallel to 
the walls of the pipe. In the above equation, therefore, th 


* Proc, Roy. Soc., 1911, A., vol. 85, p. 366 
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right-hand side is a function of y only, and since the pres 


ip 


; : . . ( ° 
does not vary across the section it follows that 7 $8 a constant 


for given conditions of flow. We may therefore write pr 


t 


dp 
for where f, and /, are now the pressures at two secti 


al’ 


at a finite distance / apart ; Le. 


%—?p 
l 


and, on integration between y = 0 and r = R, we have 


: . var — 2udv, 


where v, is the velocity at the axis. 


a 
If we assume that the velocity is zero at the walls, 


v, = ©, 
and 
_ 4BUa 
R? 
The velocity at any radius ¢ is obtained from (7) by substi- 
tuting v for R and inserting the value of v, from (8), and will b 
seen to be given by 


from which it appears that the velocity distribution is para- 
bolic across the section. 

The mean velocity is obtained as follows :— 

Imagine an annulus of the pipe at a radius r and of thick- 
ness'dry; the volume of fluid flowing through the annulus is 
given by 2zrdrv,, where v, is obtained from (9). The total 
volume flowing is therefore 


R 


V= [enroar 7Ps 


Now the mass of fluid passing in unit time is obviously 
constant, and if the pressure drop is small compared with either 
fp, or fp, (which are usually, of course, approximately atmos 





wid 
is t 
mal 
unit 
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sheric) we may, in the case ot a gas, neglect changes of density 
and regard the volume flowing in unit time as constant. In 
the case of liquids, which are practically incompressible, this 
will be so even if the pressure drop is large. In either case, 
therefore, the volume flowing in unit time may be taken as 
constant and equal to 7R*v,,, where v,, is the mean velocity of 


flow. 


Hence 


or 


Now (8) may be written 


In stream-line flow, therefore, the mean velocity of flow 
is half the velocity at the axis. 

The Resistance of a Pipe of Varying Cross-section.— 
It has been shown that the resistance of any given length of pipe 
is equal to the loss in energy experienced by unit volume of 
the fluid in passing along this length. When the pipe is 
parallel between the two sections considered and the velocity 
distributions at these sections are the same, we have seen that 
the resistance is equal to the difference of static pressure 
between the sections: but if the diameters of the two ends of 
the length of pipe are not the same the resistance is equal to 
the difference between the mean 
energy of unit*volume of the flutd 
at the two sections. The same is 
true for a parallel pipe in which 
the velocity distributions at the 
two ends are not identical. In 
the general case we have therefore 
to measure the mean energy per 
unit volume, i.e. the mean total 
head, at the two sections and to 
subtract one from the other. This 
may be done as follows :— 

Consider any section of the 
pipe of radius R, and let v be 
the mean velocity at radius 7 through an annular element of 
width dr. Also let p be the static pressure at this radius (p 
is taken above or below atmospheric pressure in the usual 
manner). The volume of fluid passing through the annulus in 
unit time is 2zrdrv; its mass is therefore 2zrdr. pv, and its 





kinetic energy 2mrdr.pv.—. The potential energy is 2 
: 
Hence the total energy is equal to arpv%dr + 2nrvpd) 
total energy of the fluid flowing across the section per se 
therefore 
2m | purdr. 


nN 


s 


Also the total volume flowing per second is 2z7]|vrdr, 


0 
the energy per unit volume, or the mean total head, is 
rR 
| purdy 
~*~) 


vrdr | vvdr 
7 () ~~) 
In order, therefore, to obtain the mean total head 
section the values of the above integrals must be deter 
by taking sufficient measurements of v and f across the st 


} 


“ 


hus, in order to determine, for example, | pordr, p and 


0 
be measured at a number of values of y ; a curve of the p1 
pvr is then plotted on an 7 base, and its area gives thi 
of the integral. The units for the various quantities mu 
consistent : thus if v is in feet per second, p must be in | 
per square foot(= 5:2 x inches of water), 7 in feet, and 
Eeenee pet cues, Soe The resulting total hgad will 
32°2 

pounds per square foot. The total heads at each of th 
sections forming the ends of the length of piping whos 
tance is required must be obtained in this way, and thei! 
ference will be the resistance. 

Usually it will be found that, although the pipe dia 
at the two sections are different, the sections themselves ne' 
theless form parts of parallel-walled pipes, so that thi 
is axial and # may be taken as constant across th 

- . 
The integral | purdry is then equivalent to p |vrdr, so tl 


. 


. 
0 
T; 


expression for the mean total head at a section reduces 


| i 3dr 
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It may be noted that if v is constant across the section it may 
he taken outside the integrals in which it occurs and the « xpres 
1 reduces to its familiar form of 1 fy 


Now in fan testing and similar work, resistance is a quantity 
which has frequently to be determined, in addition to the volume 


cl 
ledu i DV measuring 


© 


of air flowing per second. The latter is « 
the mean velocity v,, across the section b 
described in subsequent chapters. It is then common practice 
to say that the mean total head at the section, for the purpose 
of computing resistance, is equal to }pv,,2 + p will be ap- 
parent that this statement is erroneous, and in view of its wide 
acceptance it 1s important to examine the magnitud 

possible errors involved. 

As a concrete example we may take the ca Gl mooth 
parallel pipe for which Stanton measured the velocity distri 
bution as givenin Fig.17. The following table shows the values 
from which this curve was obtained velocity 
at radius 7, v, 15 the velocity at the ax L Ix the internal 


radius of the pipe The integrals occur 


( 


0°0905 





be evaluated graphically thus : 


R 
For Jerrar we may substitute its equivalent 


Uv 


R 
similarly Jerar may be replaced by 


v0 
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If we now plot ona base of a the values of (2) ¢ R and - 


obtained from the above table, we shall derive hee: r 
whose areas are respectively the two integrals required. 
we shall find that 


0-291v,*R?2, 


AY 
R 


r ' 
and = 0°405u,R?, 
7 X 


so that the true mean total head, from (11), becomes 


kp X 0°718u,? +p. 
Let us compare this with the mean total head erroneously, 
but frequently, stated to be 4pv,,2-+ ~. In this case 


vr - 


R 
2n| vrdr 
0 


7h? 
o-81v, (from (120)). 
Hence Um? = 0°656v,?, 
and the mean total head calculated in this way is 
kp X 0°656u,? + fp. 
The true mean total head therefore exceeds that calculat 
by the usual method by 0-062 x 47,42, i.e. by 0-095 » “toe 
Now the head corresponding to the mean velocity Vm 
course, 4pv,,2, so that we may say that the error incurred in 
estimating the mean total head by this incorrect method 1 
be as much as 9} per cent. of the head corresponding to th 
mean velocity. The smaller the velocity at a section in re- 
lation to the static pressure, the less will be the error on total 
head. If we take the case, which is of quite common practical 
occurrence, in which the velocity head (mean velocity) is about 
equal to the mean static pressure at a section, we see that the 
mean total head deduced by the usual method may be about 
5 per cent. too low—an error of by no means negligible mag 
tude. 
Methods of measuring the true mean total head 
section in practice are described in Chapter V. 
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CHAPTER III. MEASURING SYSTEM AND GENERAL 
PHYSICAL CONSTANTS 


1. FUNDAMENTALS OF THE PHysicAL MEASURING SYSTEM 


The foundation of the physical and technical measuring technique rests 
on the general physical measuring system, which moreover is also funda 
mental for the science of chemistry and, with certain modifications, for 
industry. This basic system of physical measurement will be described in 
brief. Some of what follows has been mentioned previously but it will 
be reviewed once more; and in particular there will be given the most 
exact numerical values known for various quantities. 

It is well known that there exist, in the fields of science and technology, 
1 great number of different quantities which must be determined experi 
mentally and evaluated numerically. It is known, too, that all these quan 
tities have certain relations to one another, and that few quantities can 
be classified as fundamental units. The vast number of different quantities, 
the values of which are of importance numerically, must be reduced to a 
conveniently small number of fundamental units, the “set” of which can 
serve as the basis of a physical measuring system. This question has 
ilready been discussed at length in the Introduction, and it was pointed 
out that the fundamental measuring system of today is derived from three 
units, a unit of length, a unit of mass, and a unit of time. These are by no 
means the only three units to which all measurement units can be reduced. 
Industry, for instance, uses a similar system which, like that of science, is 
based on the units of length and of time; but, for its third fundamental 
unit, industry does not use the unit of mass but the unit of weight. Weight 
ind force are in reality identical quantities, for we measure every force 
only by comparing it with the force which the earth exerts on a body, i. e 
the force of gravity. For that reason the weight of a body is equal to the 
product mg, where m is the mass of a body and g the acceleration due to 
gravity. This at the same time gives the relation between the so-called 
physical and the so-called industrial measuring systems. 

It is now proper to fix the relation between these fundamental units and 
the others which can be called derived units, which gives the advantage 
that a definition of further units can be avoided. Of course, this does not 
preclude that new units, to be designated as units of second order, may be 
created for practical use to facilitate operations. Naturally, it is necessary 
to compare these derived units over certain intervals with the fundamental 
units, to check their invariability. Examples of such derived units occur 
in electricity; they are the fundamental electric units for voltage, current, 
and resistance, generally called volt, ampere and ohm, and a number of 
others. 

It is quite obvious that when starting from a unit of length, a unit of 
area can be derived directly from it, and be represented by a! square with 
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geographical latitude where gravity possesses 
many decades a standard value has been adopted 
national Bureau of Weights and Measures has esp 
fixed at 980.665 cm/sec This value is accepted I 
of gravity on the surface of the earth, and 
verage geographical latitude of 45°. This val 
true. It should be, very likely, 980.62. 
quence whatever, as for all exact measuremet 
importance, one always calculates with the international cor 
means, therefore, that at any point on the earth’ 
to the mean datum of the geoid, a body fall 
distance of 1% -980.665 cm in the first second 
On this value of g depend a few quite ext 


nely the measuring units for 
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ram and the horse-power, abbreviated to mkg or kgm, 
The meter-kilogram is that energy exerted 


pectively. 
inst normal gravity. Correspondingly 


res} 
sis lifted 1 m high aga 
e-power is that power which exerts 75 meter-kilograms 


are applied, namely the d 


pure physics other units VI 
A dyne, the unit of force, is t 
ti] 

te 


the erg for energy. he 
which imparts to the unit mass the unit velocity it 
iy be pointed out that in physics, the meter 
tal is fundamental units for all 
proved to be too large, but the hundreth part o 
and the thousandth part of the kilogram, the gram 
is that force which im} 


y, the velocity is natural 
lefinition. That means 
> mass of one gram exerts on its support unc 
sravity, is 980.665 dynes, whence it follows t 
00101976 gram-weight unde 


measuring systems 


f the me 


to one gram 1n one 
ly determined 


gram-weight, 


le mal gravity. 
Consequently, that energy is designated as 
which the unit force performs if its point of 
direction for a distance equal to unit length 
responding to what is | ud before, that one ers 


cm gram-weight 
From the foregoing it follows further that one mkg 


ind one horse powel 


980.6°10° ergs 75 mkg = 75° 
ergs. 
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We must consider that industry does not deal with masses proper 
masses under the influence of gravity or any other force are of interest 
weights or, better expressed, forces. In this way a regrettable but 
ently hardly avoidable disagreement arises which often gives rise to 
as no one has so far succeeded in obtaining uniformity. Practical 
case is such that a body of mass m has the weight mg where g star 
the acceleration of gravity. A mass of | g has therefore a weight 
weight units. 

Unfortunately, there is no ideal measuring system not open t 
objection, and even if theoretically the possibility of creating one ex 
its introduction would inevitably be opposed by strong practical re 
by habit and by the many changes in tables, etc.) Today conditior 
practically as they are described in the following. Following the prece 
of Gauss, one today uses as the three fundamental units one unit of le: 
one of mass, and one of time (I, m, t). The measuring system form: 
these units is called, according to his suggestion, the absolute meas 
system, which expression distinguishes it from the older relative mea 
system, for there can be no question of a really absolute system. Phy 
has adopted as fundamental units the centimeter (cm), the gram (g 
the second(s). Accordingly this system is also called the CGS Sy 


tp 


It has become customary to characterize measuring data in this syst 


square parentheses, as later often used. 

Any quantity of any kind can be derived, as explained above from tl 
three fundamental units. It is therefore a function of I, m, and t, or 1 
matically: x=f (Il, m, t). Practically, as will readily be seen, the « 
such that the function can always be represented in the following man: 
x=C +Il% + m8 = ty, i. e., as a product of the three fundamental unit 
each raised toa certain power. The exponent of the individual fundament 


ty 


units is called the dimension of the unit, and the formula for the respe 
measuring quantity, with indication of that function, is called its dimer 
formula. 

The dimension formula of a quantity depends mainly on which 1 
law is used for the definition of the quantity. So it is usual to give t 
electrical units two different dimension formulas depending on wheth 
one starts from Coulomb's law which is based on the electrostatic effect 
of two electric quantities on each other, or from the electro-dyn 
fundamental law which determines the electro-dynamic action of 
electric circuits on each other. In this way, two definitions of the electri 
measuring units in themselves equivalent but not homogeneous are obt 

In the following, only the most important measuring units may 
tabulated: 

Area: Unit is the area of the square with the unit of length as side 

Space: Unit is the cube with the unit of length as side. Dimension [! 

Angle: Unit is the angle the arc of which is equal to the radius 


Dimensior 


Dimension [1°]. 

Velocity: A point has the velocity one if it moves a distance equal to the unit 
the unit of time. Dimension [It—']. 

Acceleration; Unit is that acceleration at which the velocity is increased by 


unit of time. 
} +t! 
Dimension [ ‘| {I - 
t 


Acceleration of gravity 980.6 cm sec 


1\Compare Wallot, Dimensionen, Einheiten, Masssysten 
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one, or by the current one which produces voltage one 
Dimension [l*? m t—4| 
107 [cm? g sec—*] = 1 Watt = 10? erg/sec 

Electric energy (electro-dynamic Unit is the energy of current 

Dimension [l*? mt 
10? [cm? g sec—*] = 1 Joule = 10’ ergs 

It must be noted that the ratio of electrostatic to electro 
units is always represented by a power of the velocity of light, a 
is mentioned here without further proof. 

3. Tue Most Important GeNngRAL PuysicAL Constan 

In connection with the foregoing a few other units may be 1 
here which can be designated as general physical constants, and 
for their practical application, need only an international ag: 
Among these, the electrochemical equivalent of silver must be 
most important. 

It is known that for electric measurements, the fundamental 
the ohm and the ampere, the relationship of which to the fur 
units are far from direct and very difficult to prove. These relati 
fact, are not usable for practical use; hence the need of especially sti 
secondary units. Among these is the electrochemical equival 
measurements of current. According to present international agr 
the unit of current is determined by the application of the silver-volt 
by stipulating that the practical unit of current (one ampere) must 
in one second, and under prescribed test conditions, a certain 
silver in the silver-voltameter. By a series of experimental investigat 
this quantity has been fixed; but it is not quite sufficient for | 
use and actually obtainable conditions of accuracy, and theref 
unit of current has been defined in the several countries as that wl 
one second deposits the round value of 1.11800 milligrams of silver chet 
silver-voltameter. lt re 

In similar manner, the atomic weight of oxygen has been determined a 
international agreement, namely the known value of 16.000. te ¢: 

In cormection with these constants, there may be discussed in ¢g 
detail 4 number of others which have been determined by dint of tl 
experimental investigations. First, the specific gravity of water in the 
of its highest density. As mentioned in the introduction, water of | 
density has been chosen as the standard substance for the deter: 
of the unit of mass a decision which can in no wise be objected t 
from the modern point of view. It was stated that a cubic deci 
pure water at that state should represent the unit of mass but tl 
ideal relation had not been satisfactorily realized. If the inter 
kilogram-prototype is checked back according to that definition, 11 
to determine the space which a kilogram of pure water actually occu; 
a value slightly different than one cubic decimeter is arrived at, whi 
called the liter. The figures published so far on the relation betw 
the cubic decimeter and the liter have shown (compare INSTRUMENTS 
November 1929, page 401) that the liter is equal to 1.000027 cul 
meter. The reciprocal value of this number (0.999973) thus at 
time gives the real density of water in the state of its greatest 
If, therefore, by specific gravity is meant, as usual, that numbé 
gives the ratio between the mass of a body to the mass of water 
the same volume, the density of any other body is obtained if it 
weight so found is multiplied by that density of water. This 
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) practical importance, because in general for accurate determinations 


lensity the unit cubic decimeter is not used, but the liter unit—which 
ites the difference altogether. Unfortunately, both designations 
nterchanged in common speech and writing. 

chemistry the knowledge of the number indicating the volume of a 

f a gas is of considerable importance. The normal mol-volume, 
rding to the law of Avogadro, is independent of che particular gas 
ygen is the gas employed for the determination of this number for the 

mn that its atomic weight is fixed by definition, i. e. the mass contained 

e liter under standard conditions of one atmosphere pressure and (°C 
mperature. The determination of this number made so far give, according 

Henning and Jaeger 1.42896-10-* for the density of oxygen, from 
which follows the normal mol-volume of 22.4139 liters 

As with the normal density of water, the density of mercury is of con 
iderable importance with reg ird to its use in the determination of volumes 
nd pressures. From the observations made in this respect it is evident 
that mercury, is not uniform to such an extent as it is apparently the case 
with water. From the tests of Scheel and Blankenstein”’ the best value for 
the density of mercury at O°C can be assumed to be 13.59546 

For the majority of physical measurements, the so-called atmosphere is 

cepted as the standard unit of pressure, that is the pressure of a columr 
f mercuty 760 mm height under normal gravity at a temperature of 0°C 
This so-called physical atmosphere is entirely determined by the conditions 

tated above. From the peneegt figures, the pressure of one atmosphere 
is s then equal to 1.013253 ° 10' very per cm’®. The technical atmosphere 
differs from the } dhysical by about 3°; it is defined by the pressure of 1 kg 
mn the unit of area under hea action of normal gravity and is therefore 
equal to 0.980665 - 10° dynes per cm?. Closely connected with the sage 
pheric pressure is the energy value of the liter-atmosphere. That is, 
mount of energy which must be expended when any volume of a ¢ 
to be increased by 1 liter against the pressure of a physic il atmosphere 

is, therefore, equal to 1.013280 - 109 ergs. : 

For the conversion of gas constants and gas conditions, a knowledge of 
the so-called absolute zero-point of temperature is required. This knowledge 
is derived from observations of the volume and pressure coefficients of 
gases and by extrapolation after correcting the observed figures for the 
bsolute temperature 0 and for the ideal gas (from which, naturally, all 
gases deviate in their behavior). The results so far known give for thi 
figure the value of —273.2°C 

According to the general laws of gases, a simple relation exists betwee 
the pressure, the volume, and the absolute temperature of a gas which 
represented by the formula p -v=R *T. In this equation the consta 
R refers to the quantity of gas contained in the volume v. As is known, R 
1as the same value for all gases if the masses of the respective gases are 11 
the ratio of their molecular weights. In general, by gas constant is under 
stood that value of R which corresponds to one mol of the gas. From the 
ibove given figures the value of the gas constant is obtained as 0.83132 ° | 

or 82.045 ——— . From these figures, the transition to 


de >grees 


rt 





Page 258 INSTRUMENTS 


other energy units and heat units follows 

Another quantity of importance to chemists, especially for 
purposes, is the so-called mechanical heat-equivalent, i. e. that energ 
is necessary to increase the temperature of 1 kg of water by 1% 
water should initially be at 15°C. This number, too, must be det 
entirely experimentally. The best series for this value seems t 
carried out in the Physikalisch-Technische Reichsanstalt by Ja 
von Steinwehr” which gave for its value 4.1842 international 
4.1863 + 10 ergs. 

Throughout the field of electromechanics, and for all electric 
ments, the international electric units and the so-called absolut 
units are accepted. These latter are defined by the relations of the 
measurement quantities to the fundamental units of the absolute 
measurement, a definition which will not be discussed here 
hardly applicable for practical use, great as is their basic scientific imj 


It thus has been absolutely necessary to develop special practi 
for use in scientific and technical laboratories and then to det 
special experiments their relationships to the absolute units. 
it has been necessary so to choose the magnitude of the units 
were suitable for practical use, which was not directly the case 
absolute units. The international units which have been brought 
after such deliberations are, so to speak, empirical standards whic! 
defined by law that they approach with the greatest possible accut 
value of the absolute quantities. According to the German law of 
1898, on the electrical units, two units, the ohm, and the ampere, 
defined. From these two definitions, the third quantity, the volt, 
derived directly, and in similar manner also the compound units. T 
stipulates: the ohm is the unit of electrical resistance, it is repr 
by the resistance of a mercury column at the temperature of mel 
the length of which column is 106.3 cm with an absolutely unif 
section of one square millimeter, and the mass of which is 14.4521 
ampere is the unit of electric current, it is represented by the 1 
electric current which, when passing through an aqueous solutior 
nitrate, deposits 0.001118 g. silver in one second. 

These definitions have been accepted internationally with 11 
changes. The one important change is the definition of the am 
gives the above figure more exactly as 0.00111800 g. silver. 

It must be realized that the unit of the ampere does not ri 
tangible unit, but has to be made in every individual case by 
investigators under inconvenient conditions. 


In practice therefore, not the ampere, but in its stead the volt 1 
the basic electrical unit which can easily be represented (though not 1 
as “the quantity of exactly one volt” yet an analogous one) by 
standard cell. This standard cell is the so-called Weston element 
voltage has been fixed at 1.01830 international volts at 20°C. Thi 
and this cell, are used in actual practice for all better electrical : 
ments. This figure is, of course, derived on the basis of the inter 
agreement on the ohm and ampere, so that the Weston cell, as the 
for voltage represents in fact only a secondary unit. 


1)Jaeger and v 
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umber of investigations regarding the relation between international 
:bsolute ohm have been published, showing that the international 
, with fair accuracy, equal to 1.0005 absolute ohm 
relation of the international to the absolute ampere can only be 
nined with the greatest difficulty, since the test results with different 
ethods have not given identical figures, by reason of the difficulty of the 
cxeriaaeit It can be fairly assumed that the legal definition of the ampere 
grees very exactly with the absolute ampere. The discussions on the rela 
ff the international ampere to the absolute, by the way, have not yet 
fully concluded. There exists, therefore, no need for further dis 
nN here. 
ie elementary quantum of electricity, i. e., the charge of an electrot 
as been mostly calculated by the work of Millikan. Generally, the 
imber of 4.774 * 10—!° electro-static units is accepted for it. 
Loschmidt’s number is understood to be the number of molecules in one 
According to test results so far obtained this number 1s 6.061 * 10 
which gives the value of 1.650 * 10—? g, for the mass of a hypothetic i] 
tom of atomic weight 1 or for the 16th part of the mass of an oxygen atom 
The velocity of light, an extremely important number especially for the 
lectrical measurement quantities, is determined by methods which are 
nentally entirely different, such as the purely optical, by actua 
servation of velocities, or purely electrical uaieds in connection with 
the theory of Maxwell as to the relations of electric quantities among 
themselves, which have been determined (in the absolute system of measure 
ments) in their electro-static and electro-dynamic values. According to 
Maxwell's theory, these two values must be in the ratio of velocity of 
sht if the same electric unit is measured once with the one, then with 
he other system. Observations give an average value for the velocity of 
ght of 299,868 kilometers per second, which holds good for the propaga 
tion of light in vacuo. This value is obtained from the purely optical 
measurements. From purely electrical measurements, a value differing 
lightly is obtained, it corresponds to present limit of accuracy of measure 
ent if, from both methods, an average value of 299,850 kilometers pet 


sec. Is accepted. 


5] 


ee 


On February 1 the Moeller Instrument Co., Inc., 261 Sumpter St., 
Brooklyn, N. Y., succeeded the A. E. Moeller Co. The active ownership 
nd management will remain the same as for many years past under the 
following personnel: Charles E. Moeller, president ind general manager; 
Max E. Moeller, vice presiden it and head of research « lepartment, Curt F. 
Moeller, treasurer and factory manager; Paul G. Moeller, secretary and 
les department; Otto J. Moeller, assistant treasurer and glass production 
epartment; and Walter G. Moeller, production department 


ed 


“King & Shepherd, 50 Church Street, New York City, have been ap 
pointed distributors for the Manhattan district, of the M ison Regulator 
Company, General Offices and Plant Dorchester Center, Boston, Mass. 
The line consists of all the newest developments in pressure control ap 
paratus. Both Mr. King and Mr. Shepherd are technical men and sales 
men, are able to offer expert engineering advice in the solution of the pres 
sure control problems.” 
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INSTRUMENTS BOOK SHELI 


The books reviewed in this section can be supplied by Instruments Book Shelf, | 


Publishing Company, Pittsburgh, Pa. 








INTRODUCTION TO PuysicALt Optics. By John Kellock Roberts 
Nostrand Co., New York, 1929. Cloth, 6x 9Qinches.  Pric 


th 


Hier 


zation pl 


1 pola 
>} nt 
f Physical Optic 


CALORIMETRY IssuE oF INSTRUMENTS. Instruments Publ 
Pittsburgh, Pa., Feb. 1930. Paper, 6 x 9 inches, 128 pages. Price 
5 I t 


P } 
I i 3 


Air NAVIGATION AND Meteoro.tocy. Captain Richard 
heart-Willcox Co., Chicago, 1929. Cloth flexible, 51% 
Price $3.00. 


MARKSCHEIDEKUNDE. P. Wilski. Julius Springer, Berlin, 1929 


26 R. M. 
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NEW INSTRUMENTS 


Recently Developed by Instrument Manufacturers 


Write Information Section, Instruments Publishing Co., Pittsburgh, Pa., for additional 
information. 
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A New Motor Starting Ammeter 


(Westinghouse Electric &@ Manufacturing Company) 








The Type PY-5 Motor Starting Ammetet 
which enables an accurate 
1.c. motors, a measurement 


1 an oscillograph. 


is a new compact instrument 
measurement of the instantaneous starting 
current of a.c. and ¢ iccomplished heretofore only 


This instrument can be used also as an ordinary ammeter. Such measure 
nts as starting current, locked-rotor current, and running current are 
made without disconnecting the 
instrument from the line. The 
instrument has a double range, 
ind change over from one ran 

to the other is shed 
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A Shock Absorber for Pressure 
Gages 
(Meriam Company) 


HE illustration shows 2 device designed to avoid the 
getting correct pressure or vacuum gage readings on pl] e-] 
taining liquids, steam etc. whose flow is pulsating. 

This flow condition is often 1 
reciprocating pumps must be i1 
lines where it is impracticabl 

to install air-receivers. 
condition may also be met with i1 


ing service where considerable s 





250 ..° 
* 200 300 


ied in suspension, as in s 
ink pumps, etc; | 
blades must nece 
500 4 comparatively few and widely 

The construction of this shocl 
is simple and has no moving p 
can wear or get out of adjustment, 
device has operated SUCCESSIVE 
under such severe conditions 

pipe line fed by a duplex recip: 
pump operating at 1200 lbs./in? 
ny air-receiver. 

The device consists of a stee 
chamber in which is a long spi 
tubing having a small bore. 
nainder of the interior of the cl 
1ollow and acts as a small air 

gage mounted at the t 
piral coil is connected to the pi 
one end opening directly into the 
The pulsations in the pipe line 
fore largely dissipated by frictt 
ing through the long narrow 
ibe. The small remaining 
yulsation is absorbed by the 
effect of the air in the chamber itself. The gage is connected t 
tube which has its opening inside the chamber close to the bottot 











tions and shocks therefore are eliminated, and thus the gage reads 
average pressure instead of registering the usual “jumpy” effect w 
hard to determine accurately. The length of the coiled feed pipe is 
proportioned to suit the conditions of the pipe-line on which it ts u 


Leeds & Northrup Company, Philadelphia, Pa. announces Its ‘ 

; wedge 
office is now located in larger quarters at 1941 Union Trust | 
Cleveland, Ohio. 
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Thread Profile Gage 


(Bausch & Lomb Optical Company) 


a. accustomed to cutting screw threads on a lathe or similar machine 
tool are well aware of the importance of having the tool accurately 
sround to the required angle and firmly set in the tool post in proper relation 
to the work. 

By ordinary means it takes time, patience and skill to make this setting, 
yet with the aid of the external and internal profile gage the tool setting 


BOS 


can be checked as well as the 
angle of the tool. 

The body of the thread profile 
gage has a vee which is placed 
against the circumference of the 


j 


work and clamped in place by a 
screw. The top of the thread 
gage iced in the same hori 
zontal plane as the lathe center 
by rotating the work with the 
instrument attached to it, until 
the air bubbl in the 
level vial. 

Then with the thread tool loose in the tool post the tool is brought forward 
nd the point is brought into contact with the vee in the gage. The 
op surface of the tool should be flush with the surface of the gage. If the 
tool is properly ground, it will be in contact with the side of the gage, but 
if improperly ground the error may be readily detected, since light will 

ss through between the edge of the gage and the tool. 

The accuracy of the setting and of the tool point can be readily observec 
through the magnifier lens which is mounted directly over the gage, an 
magnifies 4X. The magnifier is adjustable to suit the vision of the ob 
server. The level vial is sensitive to one minute of arc. After setting the 
tool, the instrument is removed before the lathe is started 

The lower illustration shows the application of this instrument to work 
of comparatively large diameters. The instrument is fastened to the work 
by means of a chain attached to an extension spring at the bottom of the 
instrument and hooked over the stud at the top. The spring holds the 

1in tight and prevents the instrument from slipping on the work. After 





1 
i 
1 


is placed in a horizontal plane by rotating the work and observing the level 
vial, and the tool is set as in the previous example. 

Tools for cutting internal threads can be set by gaging the cutting point 
of the tool in the gage vee opposite the vee used in setting for external 
threads. Magnifier is then moved on its brackets to bring it directly upon 
this second thread gage vee. 

Ifinternal threads are to be cut in parts having no finished outer surface 


that permits the attachment of the instrument in the manner described, 


the instrument may be fastened as shown to the finished internal surface 
on which the threads are to be cut. Rod f is inserted through the center 
Mt the body, m, with the instrument key to the right. On the body of 
the instrument hardened and ground surfaces are located equidistant above 


and below the rod to contact the finished surface of the work in two points. 
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Optical Indexing Device 
(Bausch & Lomb Optical Company) 
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New Position Recorder 
(Esterline-Angus Company) 
yf Position The position or motion 
yportant when their correct operation c 
> operation ol other e juipmet 
items as: The position o 
the motion ms—the position of g 


the } rad UO vate rl reser 
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instrument for installation where the meter may be mounted at 


measurement. 

Electrically Operated Recorder. Where it is necessary to recor 
or thickness at points remote from the place of measurement, an 
type of recorder is used. The electrical recorder consists of 
electrical instrument operated through a three-wire circuit by 
ting device. 

There are two types of transmitters, one operated by a lever ext 
through the bottom of the case, and the other operated by the rot 
of a shaft. The operating principle is the same in both cases, ex 
in the rotary type an arrangement is made to convert the rotary 
to a sliding motion of the plunger. Any movement of the lever 
shaft is transmitted electrically to the instrument, and the writ 
follows the movement of the transmitter, accurately and smoothly 
the curve produced by the meter is directly proportional to the 1 


of the transmitter, the scale and chart used are evenly divided. 


A movement of .40” by the plunger of the transmitter causes fu 
movement of the recorder pen. The rotary type is designed so th 
rotation of 180° corresponds to full scale on the meter. The rot 
be either clockwise or counter clockwise. 

The system may be operated from either a 110 or a 220 volt 
circuit, and the reading is independent of ordinary voltage variati 
supply circuit. The circuit requires but three wires, and the met 
operate through a maximum resistance of 50 ohms per wire which rep 
approximately ten miles of No. 10 wire. 


The mechanical system between the point of measurement and th 
mitter must necessarily be devised for the particular job in questior 
ness measurements are usually made with a shoe or roller riding on t 
duct and the area of the shoe or roller in contact with the material : 
such as to take care of the pressure required to operate the device 
most cases, however, counterbalance springs can be provided to red 
pressure to the minimum needed. 


Mechanically Operated Device. The mechanical motion ot 
recorder has a movement actuated by a lever extending horizontally 
the case. This lever is mechanically connected to the recording mec! 


so that a movement of 114” corresponds to full! scale on the 


net 
t 


The actuating lever extends through both sides of the case, px 
attachment of the operating mechanism on either side. 


The recording instruments used with both the electrical and the 
ical device are furnished in standard switchboard, wall and portabl 
cases. Standard eight-day marine clocks or synchronous moto! 
clocks are available, giving speeds of 34, 114, 3, 6 and 12”. per hour 
same per minute. If required, a motor driven chart can also be f 
with speeds of 34, 114, and 3” per second. Indicating meters are 
and may be installed in the circuit of the electrical transmitting 
when it is necessary to indicate the reading at one point and rec 
another. This permits the use of an indicating instrument by the 1 
operator, and allows the recording instrument to be located at 
venient point. 
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The Improved AC-ME Specific 
Gravity Gas Balance 


(Refinery Supply Company) 


» operation of the Specific Gravity Balance is based upon the laws of 
ressibility and buoyancy. It is described in Technologic Papert 
89, Bureau of Standards, as follows: 
“According to Boyle’s law the density of a gas is proportional 
to its pressure; and the buoyant force exerted upon a body sus 
pended in a gas is proportional to the density of the gas and 
therefore to its pressure. Therefore, if the buoyant force 
exerted upon a body is made the same when suspended successive 
ly in two gases, then the densities must be the same at these 
pressures; OF the densities of the two gases at normal pressure 

are inverse ratio to the pressures when of equal buoyant force. 


The Improved Ac-Me Specific Gravity Balance consists of a balance 














beam carrying a sealed float on one end and an adjust bi > 

weight on the other end. This balance beam is susp 

two crossed phosphor bronze strips on each side. The cri 

permits the beam to have free movement about the point of « 

prevents t the lateral moti on of the beam. The end of the | 

equipped with a millimeter scale which is used in connection 

line indicator to show w “ont the beam is in balance. The containe 
balance is provided with an ample number of valve connections to take 
care of the various hook-ups necessary in making a balance test. The con 
nections on each end are provided with purging rings which aid the thor 
ough purging of the instrument and prevent the deposit of any moi 

on the internal mechanism of the balance. 


The specific gravity of a gas referred to air as unity 
is the ratio of the absolute pressure required for balancing the | 
tothe absolute pressure required for balancing the beam in 
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pressed as a formula 
A 
G 

Where A the manometer pressure plus (algebraically) the | 
pressure, while the beam is balancing in air, 

G = the manometer pressure plus (algebraically) the barometri 
while the beam is balancing in gas. 

The improved Ac-Me Gravity Balance, including the four sprit 
of suspension recommended by the Bureau of Standards, has beet 
by the Natural Gasoline Association as a tentative standard. 


Sp. Gr. 


ed 


Optical Drill Gage 


(Bausch & Lomb Optical Co.) 


HIS ruggedly designed drill gage is simple in manipulation and a 


ly checks drills for the following: (a) to determine the locatior 
drill point or the apex in relation to the axis of the: drill; (b) to se: 
cutting lips are both inclined at the same angle relative to the drill axis 
c) to determine whether the web is central relative to the drill axis 

A drill ground to conform with the above rig 
spection will cut with precision; there will be no cl 
ing and consequently the wear and tear on the m 
is much lessened, the life of the drill is prolonged a1 
speed of production is increased. 

To determine the location of the drill point or 
relation to the axis, the drill is placed in the 
shaped groove of the gage and pushed forward unti 

lips are in cot 
with the 
block, whic! 
located 
under the 
nifer. Th 
is then 
until the apex is parallel to the line of sight. The magnifier is focus 
the drill by slidng the former if or’out of its supporting sleeve. 
point of the drill is exactly true with the axis it will be central to the 
slit formed by the parallel adjacent sides of the slit in the gage block 
slit is .003 inches wide, and serves as a basis for estimating the amount 
the drill point is off center. 

In checking up the angles of the cutting lips, the drill is held 11 
shaped groove in the same manner, with the cutting lips at right ang! 
the line of sight. When the drill is again brought into contact wit! 
gage block, any difference in the angle of cutting lips will be reveale 
lack of contact with the gage surfaces. 

When checking the web position, relative to the drill edges, th 
held in the V groove with the point or apex at right angles to the 
sight. The corners formed by the apex and web then touch the tw 
blocks if the web is central. The web is not central if only one } 
contact. 
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Hot Molding Pyrometer 


(Jewell Electrical Instrument Company) 


HE science of hot molding of either shellac base materials, or products 
fete polymerize, such as bakelite, durez, condensite, and other resins 
f this character, is directly dependent upon the heat and pressure applied. 
The pressure can readily be measured by gages and unit pressure obtained 
om the mold area, but the temperature at the face of the die has been left 
largely to chance up to the present time. Steam temperature is indicated 
with a thermometer. Platen temperatures may be indicated by special 
levices, but the actual mold temperature has been given but little consider 


tinr 
vLIOLI 


The hot molding pyrometer, Pattern No. 80, has been designed to give 
rapid and accurate temperature readings of all portions of a mold, be it of 
the hand-operated or automatic type. It consists of a high-grade D’Arson 
val movement in an insulated case, properly shielded magnetically and com 
pensated for variations in room temperature. It is supplied with a scale 
reading from 50°F. to 400°F. in 5° divisions, the scale being 31” long. 

Extending from the right of the case is a chromium plated flexible metalli 
hose, carrying the special leads from the thermo-couple tip which is mounted 
on a swivel joint at the end of a handle of insulating material. The thermo 
couple tip is brazed into a tiny copper disc, so that it cannot be damaged in 
ordinary use, and will last for years. 

Accompanying the instrument is a heavy block of brass, containing a steel 
mercury well, into which the thermometer accompanying the instrument 
may be inserted. 

When it is desired to check the pyrometer, the block is placed on a hot 


plate, the pyrometer is placed in an aperture on the block and a check may be 
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had between the thermometer readings and the instrument read 
this way a continuous accurate control may be kept of the pyromet 
ing it to an accuracy unheard of in work of this sort in the past. 

In practical use, the instrument is held in one hand and the ther: 
tip applied to various portions of the mold or platen. 

Temperatures of the mold may be taken at all points and sh 
checked against the desired temperature for the particular mater’ 
molded. It will frequently be found that different portions of t 
differ in temperature, which may be caused by a plugged steam char 
semiautomatic mold or due to improper mold design as regards 
metal to transfer the heat in the case of a hand mold. The plate: 
in the latter case may have some plugged steam channels. Such re 
in temperature may also come from a slug of water or an actual 
obstruction, causing the temperature to be low. 

The molding of various colored materials has also presented a temperatur: 
problem in that normal temperatures will frequently ruin the co 
light material. On many of the lighter greens and blues, it is four 
able to drop the temperature to 300° by any one of several means, and 
Jewell Hot Molding Pyrometer will be found indispensable to the pr 
control of such molding. 

Many difficulties with spongy sections which are improperly cure 
be traced to lack of proper temperature control. 


a 


New Overload Switch for 
Small Motors 


(Cutler-Hammer, Incorporation) 


HE new switch is intended for use with industrial and domesti 
pliances and tools, including such equipment as washing machines, 
refrigerators, grinders, polishers, oil burners, etc. 

It provides positive protection 
motor burnouts due to overloads, 
vents blown fuses and other elect 
troubles caused by overloads. Pu n 
buttons furnish convenient starting at anne 
stopping control. The switch 
time limit type of thermal overload \ 
is furnished in numerous ratings 
and including ?4 horsepower, 11( 
and 220 volts A. C., and 14 horsepo' 

115 volts D. C. When an over! 

trips the switch, it is re-set by si 

pressing the start button; this al 

starts the motor. If the overload cor cont: 
dition persists, the motor will not start bind 
so that positive protection for the motot ACU 
is assured at all times in W 

The switch will minimize troubles ot then 
motor driven appliances and tools caused by blown fuses, burned out —— 
motors or motor repairs in general which result from overloads. volt 





10,0 
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Pattern No. 41 Ohmmeter 


(Jewell Electrical Instrument Company) 


veneral laboratory work, in plants assembling electrical equipment, and 
nradio service. Itisof the voltmeter type and includes the same magneti 
cally shielded, high grade, direct current movement as used in other Pattern 
No. 41 instruments. A sub-base carries a three cell battery, making the 
instrument entirely self-contained and independent of an external voltage 
supply and far more con 
venient than even portable 
bridges, which, of necessity 
must occupy more space 
and weigh considerably 

more. 

Accurately « 
are individually calibrated 
for each instrument. They 
are long and well lighted 
by the large scale opening 
The knife edge pointer of 
the movement enables read 
ings to be taken that are 
accurate within one degree 
of arc or 1% of the entire 
scale length. The best 
accuracy is had at or neat 
the middle of the scale. 

In use, the resistance 
being tested is connected 
between the terminals 

marked “Resistance,” the button switch marked “‘test’’ depressed, and the 


value of resistance read on the scale. 


bho Pattern No. 41 self-contained ohmmeter finds its greatest use in 


The scales supplied as standard, have a figure at the left, namely, 5,000, 
10,000, 20,000, or 50,000 ohms, these being considered as the highest resis 
tance which can be satisfactorily measured with this instrument. 


Current drawn from the standard three cell C battery in the base of the 
instrument is exceedingly low, being less than 15 milliamperes where the 
instrument reads to 5,000 ohms and considerably less in high resistance 
instruments. With ordinary use, the battery will last several months and 
may readily be replaced by removing the four screws from the base of the 
instrument. 


Adjustments are made for battery voltage variation by a magnetic shunt 
controlled from the outside of the case by a knurled head. Before using, the 
binding posts are short circuited, the test button pressed, and the pointer 
adjusted to the top of the scale over a red line. This places the instrument 
in working condition and any resistance placed across the binding posts 1s 
then indicated on the scale. Since the adjustment is made each time a 
series of readings are taken, the instrument is usually more accurate than a 
voltmeter or ammeter for similar work. 
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service man will find one 
ble value in his service kit for checking the vari 
the instrument will withs 


he modern radio set; 
place and will at 


service of being carried around from place to 
ite results. It cannot become burned out in service if 
ipplied; it can only be damaged by extreme abuse. 

1 signal field, many measurements on signal apparatus, such 

relay coils and ballast resistors, may be made with 


> 5,000 ohm scale, where the fi 


1S 


propel 
ment of this sort, usu uly using the 
t the ignt repre esents 5 ohms. 


it ly 
:.< Whilenot intended to take the place of an accurate Whe 
instruments will at the ne time be found to be sufhcier 
large amount of ordinary 


idl} 
4 


Air Velocity Meter 
(O. Zernickow Company) 


HIS instrument is a combination of the “Robinson” Cup C 

centrifugal tachometer. On the extension of the pendulum 

cup cross is located. When exposed to an air current, the cu 
le velocity, in such a manner, 


ceives a very definite aver ige angie 


+} 


1° i| >J 
iverage aDs¢ lute speed of the c 





approximately constant a 
the wind velocity. The result 
mitted in the usual manner to 
] 


ing an accurate sc 


the wind veloc 


the } 
Ul 


a 


fluctuations very easy indeed 
1] ] 

ing is practically unaffected by 

barometric pressure and can, 


used direc ly : 


s ichometer durab € 
to stand up under the « 
parts of the 


| 
spindle, 





T 
I 
] 
; 
4 


i 
service, all 
is ball bearing 
indicating mechanism, 
dust-proof in a strong an 
num housing. The cross cups 
tected by a wire guard. With the! 
attached, the O-Z Anemo Tach 
weighs only 2 lbs. and can be use 


in unfavorable positions. 





> | 
second. 
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Optical Comparator 


(Bausch & Lomb Optical Company) 


1E demand of testing laboratories and inspection lepa 
eliable indicator for comparison and measuring purposes t 
005” led to the development of the Bausch & Lor 
r. The comparator can be used for measuring | 

or cylinders 


qual tz na 


1 
Was selected 


‘ 
Ss instrument the measuremen 


> standard gage bk placed upon the 
ict point 1s brought against the upper 


» " ‘ 1; tmp 
ne gross adjustment 


” 1; 4 ve! - ] > 
zero line of the scale. 


ibove the arm, the exact adjustment is 
precisely zero. hen by removing the standard ga 
work on the anvil under the contact point, the oper 


instantly see whether the work is wit! 


14 + 8 : 
lifted ’ ibove 


- g= ] “1 
convenient to p - rem ve work. The rang 
scale is +.0004". Objects can be compared up to six 
“1 1 1 1 ] 
The pressure applied when operated 


three 


Loree ounces. 
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models 


res 


>t one or ft 
Bis i UV 


ly the No. 4960-A with 


The Paragon Megohmer 
(Herman H. Sticht & Company) 
The Measuring System. This is of the diff 


ils, one series ie shunt 


C 
proper sca 
In instrumen 


: the sha 








associated with smal 
ame section of the generator 
issuring constant voltag 


The commutator also em 


holders are assembled int 


ea peeds 1n excess O 


1 14 EA 
r, With adjustable rocker, t 


1 a Manner 
we ; 
1e Case. The two units 


iciosed 1n weil-Gesigoned Cc 


I 
| | | . 
ment whic! enougn to mee 


ft this type 


operator 


instrument. 
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Optical Thickness Gage 


(Bausch & Lomb Optical Company) 
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visible on the screen. These are of almost equal light 
vertical separation of the two scale images is proportional 
of the two glass surfaces of the object. (S ] 2 a 

The separation of the ove I d nay be measured 
counting the divisions from the first horizontal boundary line o1 
second boundary line. 


This instrument is adjusted t 
having an index of refraction N . But the 11 
justed to the refractive index of any transparent material. 

The portable pocket ; yptical thickness gage 
iple as the benc in outside ligh 
ination of the scale hickness of con 
refractive index N = 1.522). 

The instrument cannot be 
index but the difference can 


+ 


of 


nrin 
in 
11 


un 


idjusted to measure glass of unusu 
readily be computed ma lI 

refraction is known. 

A gage can be furnished for 


ee 


New Series of Stereoscopic 


Photographs of Crystal Models 


(Adam Hilger, Ltd.) 


HE second series is edited by Sir William and Prof. W. L. Brag 


illustrates the structure of a number of silicates. 
following stereosco 
mod 


It consists 
pic photographs with printed descriptions o 
els, and a summary of their most interesting features. 

The following silicates are included in the series: Beryl, Garnet, Z 
Olivine, Chondrodite, Topaz, Phenacite, Cyanite, Staurolite, S 


Andalusite, Diopside, Tremolite, Titanite and Thortveitite. 


Instruments < 


bi t 
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Abrasion 
Absorption 
Bending strength 
Bursting strength 
Density 

Detrition 
Elasticity 
Elongation 
Expansion 
Fatigue 


Folding endurance 


Free ness 


Hardness 
Humidity 
Impact strength 
Moisture content 
Permanent set 
Porosity 

Shock 

Speed 

Fensile strength 
Phickness 
Torsion resistance 


Weight 
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NEW 


SPENCER 


No. 38 


Chemical 
M ic roscope 


A pronounced Example of a Micro- 
scope built for a definite purpose under 
the careful direction of two men emi- 
nently fitted to wisely guide in its con- 
Dr. E. M. Chamot and Dr. 
of of 


Microscopy, Department 


struction:- 
C. W. Mason 
Chemical 
Chemistry Cornell University. 

Its presents a number of important 


the Laboratory 


improvements in Construction and 
Manipulating Convenience’ 


Catalog M-39 features it. 


SPENCER LENS COMPANY 
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Microscopes, Micromes, Delineoscopes, 
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CURRENT LITERATURE REVIEW 


Abstracts on instruments and devices for measurement, inspection and contro! 
The Technology Department, Carnegie Library, Pittsburgh, Pa., will furnish ph - 
material abstracted here. Negative prints are 35 cents per page, plus 10 cents for ma v (fir 
class). All orders should be paid in advance. The library is not responsible for loss j; 








ELECTRICITY 
New G. E. C. Developments. lectrical Review, Jan 


Describes the ‘Magnet ell-testing voltmeter o 
Instrument Transformers. J 
pages SU-4) 


1 paper before Mete 
al review ot tl sul 
urrent transi¢ 
for 
hig! M 
Electricity Meter Testing. he \ ) lectrical Review, Jan. 17, 1930 
ount of the recentl mpleted laboratory he mpagnie Pari 
ve ectricite M.S 
Electricity Meters. i | lectrical w, Dec. 20, 1929, page 1117 
xtract from ad . I t nd Instrumen ction of the Inst 
gineers s s some of tl hings wh pea wrong with 
el ] I 
made in economy of m al and space 
Alternating Current Potentiometers. 
1165-1166 
Abstract of paper before the Meter & en 
eers. Discusses theory, evolution, accuracy, struction, and appli 
Phe Drysdale y, Gall, and Campbell-Larsen instruments appear 
for general testing Refers especia 3 n potentiometer M.S 
Absolute Method of Measuring High Frequency Currents. R. L. Smith 
1929, pages 651-652 
Author describes measurement of 
tubes Abs. Bull. Kodak Res. Labs 
The Errors of Watt-hour Meters at Low Load and Low Power-Factor (Die Fehler 
szaehler bei kleinen Belasti ry n und niedrigem Leistungsfaktor 
echnik, Jan. 1930 pages 6-Y. 
Discussion of an artiele by W. a inn apj 
Electrical Power Booster (Elektrischer Lt 
1929, pages 275-278 
\ proportional power booster for indicating an ( I nall electromot 
Testing Conventional Circuits. Part 3 . I lio Service, 
11-12 
Instruments required and methods are given 
Increasing the Range of Ammeters and Milliammeters. »vox Wireless Cory 
larch 1930, pages 13-15 
rhe internal construction of the ter is described and circuits 
istrated 
A Discussion on Set Analyzers. Radio Service, March 1930, pages 6-7. 
Ihe application of a modern test set in service work is discussed. 
Impedance Bridges. S.J.Zammators. Bell Laboratories Record, Dec. 1929 
he comparison, resonance, and Owen bridges constitute the more important 
employed in the laboratories an 1 manufacturing department of the Western El 
mpedance Phe fic conditions of the tests determine which of these 
or obtaining the desired measurements 
A New ee of Self- ate Potentiometer. I. Moore. Review Scientif 
1930, pages 125-130 
\ very complete rene ription of the New Wilson-Maeuler ttentiometer rec 
A New Portable Test Instrument for Transformers. cine neue tragbare 
feinrichtung Lieber. Siemens Zeitschrift, De: 29, *s 845-850. 
The theoretical of the new instrument zi , tl rument, its applicat 
ind the aceuracy of the measurements were 
Contribution to the Mathematical Theory of the Measurement of Inductances (( 
le a mesure des inductances). Angelina Cabras. Re 
( 1929, pages 959-963. 
Presents the mathematical theory of the Wheatstone bridge in the case where it 
f variable intens uny form, and its brs eso t of any Complex impeda 
Inexpensive Method of Locating Cable Faults. E. R. Pe . Electric Light & Pow 
pages 60-66 
Dallas Power and Ligh o. has developed fault location apparatus comprising a 10 


volt reactior and a 15 kva. 4,000 230 460 volt transformer mounte ~d on a small platfort 
voltmeter, ammeter, swit h special split core tr yg va I ar id special exploring coil.—M 
Scales of the Electric Service Company. ( Townsen Electric Light & Power 
pages 62, 64, 66 
Discusses and ilfustrates the n ty hecking meter installations so < 
billing customers.+ 
Special Device Sidnplifies Radio Interference Tests. C. M. Lindsley. 
1930, page 20 
Southern Sierras Power Co. has developed a portable instrument for loc j 
sources along its high voltage | | ises a recalibrated, reversed-scale, milli-am 
direct reading in ohms, a vi triable resistor, a small 90-volt battery, and a multipoint batte! 


Extension leads are carried in a small compartment.—M. S. 
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PETERS 
C TELEMETER 


Of: 


HUGGENBERGER TENSOMETER WHITTEMORE STRAIN GAUGI 
Universal Recording Testing Machines 


SOUTHWARK FOUNDRY and MACHINE COMPANY 


100 Washington Avenue 
PHILADELPHIA, PA. 


[4 Thermomete -and Burette Reader 


A most useful device for the laboratory, 
extremely convenient for reading Ther- 
mometers, etc. It has a large field and is 
easily adjustable to a_ y size tube. 
THE GAERTNER SCIENTIFIC 
CORPORATION 
1201 Wrightwood Ave., Chicago, U.S. A. 











Manufacturers of Instruments of Precision 
and High Grade Optical Apparatus 








ELECTRICAL MEASUREMENTS of 
NON - ELECTRICAL MAGNITUDES 


We will cooperate with reputable corporations and individuals in 
the development of new methods and apparatus for measuring var- 
ious physical quantities by electrical means. Correspondence invited. 


RUBICON COMPANY 


Makers of Precision Electrical Measuring Instruments 
29 North Sixth Street, Philadelphia, Pa. 








When writing to the above ¢ 
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SPECIAL 
New Method for een the Instantaneous 5 vee he by pron of a Body <r hg at Hig 
©. Okoshi; B n Institute otf Phys emi R l okyo 1929 
\ falling can i hod ised I variation in angular velocity of a 
throughout a¢ ¥ i ‘ \ li isu by Lillis i¢ nog ill Kodak fea 


Recording of | agee Pressure Oscillations by the Method ot the Halt- Resonance Curvy 


instance yu t 
actual happen 
ng meth 
-e of distortion I method was first 
oustic phenomen he 1 ilts of invest 
1umerou i 
of several disturbing factors due t« 
Recent Developments in Aircraft Instruments 
nautical Meeting, An an Societ\ al 


lis paper describes br 


shows how these instrume : lad gi 
and light in weight Instruments considered 


ndicating tachometer, the engine-gage unit, and the 


A New Recording System for Measuring Instruments.(Un 1 
appareils de mesures P. J. Savary. Revue Generale 
1039-1042 

Describes < 

the pointer ot ; 

as an electrode 

between these 

the points traci 

diagram The d 


Some Industrial Tests on Refractory Materials. 
pages 338-341 
1account ¢ ippara 
An apparatus for determir 
to the test pie« wh 
instrument or mea 
ferential expansion between a lq 
it For measuring the thermal expar 
ot two parallel telescopes, the expans 
spalling test of bricks 
tractories to withstand 
Testing Welds with Stethoscope 
Stethoscope testing of welds is n 
tural steel joints with equal facility 


Application of the Inverse Wiedemann Biect to Torque Measurements and to Torque Variat 
Recordings Tr. Kobayal, K rT. Koyama. Report No. 52 
Research Institute, Tokyo Impe 5 Vv. 1929, pages 425-445 
The effect produced by twisting iron n tudie 


tions of an automobile engine are measu 


The Aer peg of Seismic ethane ye n t resented at the last meeting 


bsurface 
by means of Cc Wi tu y dyn ite blasts and recorded on tromon 
general theory of seismolog i 
objective the location 
discussion presented, whe 
special emphasis one 


ar 1 1 pertaining to the 
loration of subsurfac ( ms which might lead 

| Six i are mentioned 

ut if th 

» the possible source 
method. Whatever th 
of all seismologists, if f T ther Irpo than 
are many thin, 
admit respons 


Development of Modern Methods of Testing Lubricating Oils. 
of Chemica! Ind lustry Nov. 15, 1929 page s 1104 1109; Nov 

The evolution of modern methods of l 

iven of methods of determining vis« 
nain causes of oil deterioration is oxidati lit 
the results of oxidation. The many tests described 
those measuring the degre¢ nsaturation of the 
subjected to oxidation for a definite ! 
! the time is noted f« ertall 


sludge test, wh 
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New! 
Don’t buy that high-range insulation 
testing outfit until you get details on 
the New Paragon constant-pressure 
Megohmer. Available in ranges 
from 0-1,000 megohms to 6-10,000 





megohms with generators rated 400 
to 2,500 volts D. C. 


A 


Herman H. Sticht & Co. 
21 PARK ROW, NEW YORK, N.Y. 

















Madison Avenue at W. 112th Street 
Cleveland, Ohio 








Comparators Fabric Gauges 


Amplifying Gauges Rubber Gauges 
Thickness Gauges Tap Comparator Gauges 
Depth Gauges Gear Toote Comparators 
Thread Lead Gauges Cutter Testing Gauges 
Pitch Diameter Gauges internal and External 
Cylinder Gauges Grinding Gauges 


Paper Gauges 
Federal Products Corporation 


Providence, R. I. 
WESTERN BRANCH; 7338 WOODWARD AVE., DETROIT, MICH 














PRECISION INSTRUMENTS for 
AUTOMOTIVE LABORATORIES 
AIR FLOW INDICATORS 
FUEL FLOW INDICATORS 
SLOW MOTION STUDY EQUIPMENT 
MULTI CYLINDER ENGINE INDICATORS 
COMMERCIAL ENGINEERING LABORATORIES 
Makers of Fine Instruments 
4612 WOODWARD AVENUE DETROIT, MICHIGAN 
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Instruments in Industry 


Automatic Control in Gaswo rks 


Pacific Goodrich Rubber Company L sharatodli ~ 


I 


Better Electric Appliances Bring Better Service to Our Customers 

Mar. 1930 1-7 

Safety! Rubber Goods Tests 
ly ( Ele t ( 


Automatic Distance Regulation of Hydraulic Engines in the Achensee Power Station 


MICROSCOPY 
Contribution to the Microscopy of the Vulcanization of Rubber. 
( t ( et Gutt re Set ] 1920 ) 
I 
I 


New ‘Study of the Microgreshy of Paint Films 


Phi tor #2 graphs 


Hints From a Photomicrographic Notebook 
B ee 
Ultra- Violet Microscopy 

rh , 


i with fuse 


Methods in Metallurgical Research. 
1929. pages 1579-1582 


TEMPERATURE & MOISTURE 
naar Pyrometer for the Iron Industry. Opt 


\ 


and the saturated vapor of some liqu Abs. B K k Res. Lat 
Wollaston Wire and Foil and Their Uses as Resistance Thermometers 
Grielinski & H. Heiz Zeitschrift fuer Physik, } 1929, pages 4 
tr + | ; | \A 


r Al . Br 
Temperature Control. 
A 


< ssion of the n ' P ‘ ‘ g vis s 


Temperature Measurements in "Molten Mentone. ond: its “Alloys. 

American Society Steel Treating, Feb. 1930, pages 275-28 
Data sheet for Institute of Metals Division of A. L M. E. and R 

mittes fthe A.S.S.7 

Siemens Temperature Controlling Stations in Modern Refrigerator Plants (Siemens 

Brief des I r ¢ . ¢ 

for eggs in Berlin-Osthafen.—G. N 

Temperature Measuring Instruments in a Meat Pack king Plant. 
m Betrie t rentabr S d 


T \ 


I strate riptior G 
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Strain Tester for Glass Products 
Made by 
FRANZ SCHMIDT & HAENSCH 


Write for literature to 


Sole Distributors 


AKATOS,. INC. 


Engineering Building 
114-118 Liberty Street 
NEW YORK CITY 








rv 








\ 




















Tungsten and moly- a High Vacuum labora SS High frequency appa S 

tory. 

bdenum wire and rods ratus. Bombarding ma 

<a F Special neon and gas } P 

from .0005" up. or filled tubes for television, chines. arts for build 

radio rec eiving and luminous tubes, high ten ing high trequenc y appa- 

transmitting tubes, in- sion indicators, talking ratus. Quenched tung- 
pictures, stroboscopes, k ) 

candescent and arc altre-voilet and infra-red sten spark gaps. Open 

lamps, lead-in wire, high lamps. tungsten spark gaps. 

temperature electric fur- KH photo-electric cells. High voltage condensers. 

naces, special resistances, KH recording lamps. Special transformers 

etc., also fine wire draw- Equipment for high made to order. High 

ing, high vacuum pumps- vacuum laboratories, radio temperature furnaces, 

; tubes and incandescent 
mercury or Ol. lamp factories. Z anne aling ovens, et 
ARGCO LABORATORIES, INC. 


150 WEST 22nd ST. NEW YORK, N. Y. 

















Electrical Measuring Instruments 


for use at communication frequencies (0 to several million cycles per second) 





Frequency Standards - Tube and Tuning Fork Oscillators + Resistance Boxes 
Bridges - Calibrated Inductors - Variable Air Condensers - Voltage Dividers 
Attenuation Networks + String Oscillograph - Thermionic and Oxide- 
Rectifier Voltmeters - Accessories: Rheostats, Transformers, Relays, etc. 


_ GENERAL RADIO COMPANY 


Manufacturers of Electrical Measuring Apparatus 
fa for Laboratory and Industrial Use 


CAMBRIDGE A, MASSACHUSETTS 



































, BAKELITE. MOULDING 


Will add to the appearance, improve the quality, 
insure exactness and lower costs in fine instru- 
ments. Our engineering department is at your 
service both in the designing and making of your 
moulds and in supplying the finished parts. We 
are the largest exclusive Bakelite Moulders in the 
Central West. Let us help you with your produc- 
tion problems. Send for our Catalog. 


CHICAGO MOULDED PRODUCTS CORP. 


2146 Walnut St. : ( hicago, Il. 
S y to Plymouth Mfg. ( 
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A New Pocket Pyrometer 
The rometer, invents 


known p 


Heat Treating Plants. 
ens Zeitschrift, Nov. 1929 


nt 
its 


New Ther rmionic Relay 


therr n 
ie nioni 


h temperat 


New Surface erro ters 
De ribes th Cambrid 


COMBUSTION AND HEAT UNITS 
Determining Thermal Conductivity of Heat Insulating Materials. 


Oct. 1929, page 


Automatic Combustion Control. 
942-943 
ires of 
1as been th 


to all boil multaneously in res 


Tantalum Proves Economical for Calorimeter Body. 
t ¢ ‘ ~ept 19249 pawe 55 
I 29, I 
»xide 


economica 
Specific Heats of Petroleum Vapors. W 
; es 942-945 


ire 


pag 


brought 
sured with the 


Automatic Electrical Boiler Regulation (Automat 
M 1 


eller. Siemens Zeitschrift 


pens with economical A Prec 

outlines their tech ’ 

lation method and 
ially designed p 


vy consisting ¢ 
ilve e) CC 


PRESSURE 
Glass Pressure Gages Without Mercury (Quecksilber 


Chemische Apparatur, June 2, 1929, pages 9- 106 


ustrated re ew ot met 


Automatic Draft Regulation for Brick Kilns Relatio 
eitung, Jan. 3, 1929, p 


raft re 


A Pre ssure yn for Continuous Reading in Moderate Vacua. M 
Instruments, Oct. 1929, pages 305-308 
ind use of a continuous reading | 


Pressure differen 


re 


Measurement of Low Pressures. 
page 44S 
The nature 
I as in 


ment ot 


aaa meee! for ~ Measurement of the Osmotic Pressure of C olloids. 
de Chimie Physique \pril 25, 1929, 
il cells are separated by a sem 
~ which contains < 
hydrosol and the 
into the hydrosol 
On opening the tap, the membrans 
causes a shi 
increase in volur 


Kodak Res. I 
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SPEED, ACCELERATION, TIME 
Met \ds of Timing High-Speed Races. C. M. Mason 


rrors in timing races wl 
nethod of timing airpl 
amera fitted with oy 
each station of the co 
rangement was fitte here I shutter 

ns was directed to the st ing (or finishing) point 1 
recording pin marke he moving tape of a chronograph 
lane starts and finishes at the same point a motion pi 


Dp 
plal 


rs 


ter,a 
I 


ie a 


ler count 
ompilete 


teach en 


Crystal Clock. S« 


Dp 


on ot 
\b 
New Photographic Instrument. 


Time Lapse Camera Controller. 
27, 1929, pag 1S 


f-contained 


1930. pa ; 
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PHYSICAL TESTING 


elation Between Strength and tomes rature of Refractory Materi al 
ind Temperat nB toffer Dr. H. | 

1929, pages 2-8 

1 for th 


ratures 


th 
etho ie 


Tests of — Used in lene of Stea am at __ Temperature 
anal ions de vap R 
] 1929 I ; 557-580 


Mart ens mirror ext 
test piece tant 


he second presents res 


Hardness Testing. A. F. SI 
\ Monotron hardness in 
andard impression is mea 

irly adaptable to mez 


alloys.—W. H. B 


Test ap ree for Cast Iron. 
ynderie Moderne 
arizing report and 


t nd liti { 
es and quaiities of 
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BUYERS? GUIDE 
Of instruments and devices for measurement, inspection or cont; 


If you are unable to find what you require in the Buying Section of INSTRUMENTS 


and we will obtain full particulars for you without charge. Give complete informa 


requirements. 








ABRASION TESTERS 
H. Z. Schniewind 
4CIDITY RECORDERS 
Leeds & Northr ip Co 
Rubicon Company 
AIR FLOW INDICATOR 
3rown Ins trument Co 
Commercial Engg. Labs 
Foxboro C« 
AIR METERS 
American Meter Co 
ALIDADES 
ALTIMETERS 
American Paulin System, Inc 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
AMMETERS— Indicating 
General Radio Cx 
Jewell Electrical Instrument C« 
Rawson Electrical Instrument 
Company 
Westinghouse Elec. & Mfg. Ce 
Weston Electrical Inst. Corp 
Recording 
Bristol Company 
Exsterline-Angus Company 
ANEMOMETERS 
Taylor Instrument Companies 


a TESTING. EQUIP 
MENTS 


Westi ot yuse Elec. & Mfg. Ce 
ASPHALT TESTING APPARATUS 
Tagliabue Mfg. Co., ‘ 
ATTENUATION NETWORKS 
General Radio Company 


AUDIO-FREQUENCY OSCILLA- 
TORS 


General Radio Compar 
BALANCES | 
Akatos, In 
H. Z. Schniewind 
BAROMETERS—Aneroid Mercur 
ial, Recor ling 
American Paulin System, Ir 
lagliabue Mfg. Co., C. J 
laylor Instrument Companies 
BATHS—Constant temperature 
water & oil 
BATTERY TESTERS 
Westinghouse Elec. & Mfg. Co 
Weston Electrical Inst. Cory 
BOARDS: INSTRUMENTS 
Foxboro Co. 
BRAKE TESTING METER 
Leeds & Northrup C« 
BRIDGES, ELECTRICAL 
Capacities, Conductivity, Hoopes, 
Inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
General Radio Co. 
Leeds & Northrup Co 
Rubicon Company 
CABLE TESTERS 
Rawson Elec. Inst. Co 
CALORIMETERS Gn 
American Meter C 
Burgess-Parr Co. 
Peroxide, Oxygen Bomb 
Burgess-Parr Co 
Gaertner Scientific Corp 
CAPACITANCE METERS 
General Radio Co. 
Rubicon Company 


CARBON DIOXIDE METERS 
Ameri an Meter ( 
grown Instrument (< 
Charles E ee elhard, Inc 
Foxboro ¢ 
Leeds & No rthrup ( 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE METERS 
American Meter ( 
‘harles Engelhard, Inc 
‘ & beg, ip ( 
lag! » Mfg. Co., ¢ 


CATHETOMETERS 
CEMENT TESTING INSTRU- 
MENTS 


oe 
Gaertner Scientific ( 

CHRONOMETERS 
lagliabue Mfg. Co., C. J 

CLOCKS —— Board 
Brown — ment Co. 
Kaxhoro Cc 


CLOUD & "POUR TEST AP- 
US 


Resistance, puanetnnee, Special. 


8 mney adio ( 


COIL “TESTING EQUIPMENTS 
eeds & Northrup Cx 
1 oI ean 
Weetingl ouse Elec. & Mfg. ( 
COLORIMETERS 
Akatos, Inc. 
Tagliabue Mfg. Co., C. J 
C OMBUSTION. CONTROL 
EQUIPMENT 
3rown Instrument Co 
Charles Engelhard, In 
Leeds & Northrup ¢ 
COMMUNICATION MEASURING 
INSTRUMENTS 
yeneral Ra ( I 
C OMPASSES 
lor Instrument 
COMPARATORS 
B. C. Ames Co. 
Federal Products ( ry 
Gaertner Scientific Corp 
CONDENSER LEAKAGE 
dr Tah poe 
Esterline Company 
CONDENSERS. “Electrical 
General Radio Co. 
Leeds & Nortt — ( 
Rubicon Co 
CONDUCTIVITY. METERS 
Indicating, Recording, Controlling 
Esterline-Angus Company 
Leeds & Northru p Uo, 
CONCENTRATION RECORDERS 
Esterline-Angus Company 
Leeds & No rthr ip ( 
CONSTANT SPEED & FRE- 
QUENCY SETS 
Leeds & Northrup Co 
CONTOUR MEASURING 
JECTOR 
Baus: h & Lomb Optical C¢ 
CONTROLS, AUTOMATIC 


Condensation 


bue Mfg. Co., C. J 


Damper 


~~ Wi: ater 


wh 
r xboro ( 

Filter Rate 
trown | 
Foxbor 

Float 

Flow 
Brow: 
I 

Gravity 
Foxbor 
lagliat 


Humidity 
Brown | 


Charles Eng 


tol C 


Brown Instr in 


I< xboro 
laglial 


Motor 


Pressure & Vacuum 


Bristol ¢ 
Brown | 
Charles | 


Rate-Volume 


Foxboro ( 


Refrigeration 


srown Instr 


Charles Engel 
N 


Leeds & 
Westingh« 


Special 
Rubi 


Tachometer 


3rown Instrumer 
Esterline-Angus 


Foxboro ( 
Leeds & N 


g 


on Comy 


ethr 
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Fatigu 


Hardne 


Fatigue 
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in Steels for Shafts 
Pap ‘ 


tf SO 140 k 
Stre rength of Pipe C onnections 


Aco ‘ rs 
Formation of Paliene C racks and the Relation be twe en 1 Alte: rnating Bending Strength and | Static 
Tensile Properties. Ueber \ ling von I ' 


Machine and Apparatus for Fatigue Tests M 
W,. D tscl Paper | t t nd Ocester 


Endurance Tests. D 
' or a 1 


metals 
M & l 
ae ‘Strength and oaiaactlon 
P Deut 
1. 1029 


Since Vol’ 1 


A New Test Method for Sheets 
Mitteilut nk 


7-291-° Stal 


Hardness Tests = C *hille d Castings 
Kr ri tt Ly 


\ 
A New ‘Special egg Machine for Cast Iron 
Zi 


1. 1929 620-621 
eather ail 


Sir - N 


A New Stre *ss Limit and its foe le ation to -ioge -sg Stre ngth 
Dr.-In i Pa 
) 


1) 41 
Lee 


Fatigue Conaies and Fatigue Stre ngth Da 
hsergebt sse a thnb 


A New Dead- Weight Testing Mac hine of 100,000 Pounds Capacity 
{ Research, Feb. 1930 pa 261-264 


Bur 
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Temperature-Time DIVIDING MACHINES GAGE RODS 
srown Instrument (« Gaertner Scientific Corp Tagliabue Mfg. ¢ 
Charles Engelhard, Inc DRAFT GAGES—see Gages GAGES 
pansere CO. DYNAMIC BALANCING Absolute Pressure 
Leeds & Northrup Co. EQUIPMENT Brown Instrument ( 
Pagliabue Mfg. Co., C. J Electrocon Corporation Foxboro Co. 
Faylor Instrument Co EARTH CURRENT METERS Meriam Co 
Thermometer Rawson Elec. Inst. Co Tagliabue Mfg 
Bristol Company ELECTRIC TELEMETER Taylor Instrument ( 
Brown Instrument Co Southwark Fdry. & Mach. Co. Amplifying 
Charles Engelhard, In¢ ELECTRIC WAVE FILTER SEC-_ B.C. Ames Cv. 
Foxboro Co TIONS Federal Products ( 
Leeds & Northrup Co General Radio Company Comparator 
agliabue Mfg. Co., C. J. EMPLOYEES’ “IN AND OUT” B. C. Ames Co 
Taylor Instrument Companies TIME RECORDERS Federal Products | 
Wilson-Maeulen Company, Inc Stromberg Electric Co. Cylinder 
Thermostat ENGINE INDICATORS B. C, Ames Cx 
Bristol Company Commercial Engg. Labs Federal Products ( 
Brown Instrument Co EXTENSOMETER Depth 
Charles Engelhard, Inc. %. Schniewind a) Aven Co 
Foxboro Co Scutheart Fdry. Mach. Co Federal Products ( 
Taylor Instrument Companies FATIGUE TESTERS Dial 
Westinghouse Elec. & Mfg. Co H. Z. Schniewind B. C. Ames Co 
— FAULT FINDERS Federal Products Cory a 
Esterline-Angus Company General Radio Co H. Z. Schniewind I 
H. Z, Schniewind Leeds & Northrup Co Differential Pressure 
Time Rubicon Company American Meter ( 
Brown Instrument Co. Weston Electrical Inst. Corp Brown Instrument ( 
E’sterline Angus ( ympany FLASH & BURNING POINT Foxboro Co 
Foxboro Co. : TESTERS Meriam Co 
Stromberg Electric Co. Akatos, Inc Tagliabue Mfg. ¢ 
Pagliabue Mfg. Co., C. J Tagliabue Mfg. Co., C. J. Draft 
Vacuum Taylor Instrument Co Bristol Company 
Brown Instrument Co FLOW METERS Brown Instrument | 
Esterline-Ang is Company American Meter Co Foxboro Co 
Foxboro Co, Brown Instrument Co Meriam Co 
Meriam Co Foxboro Co Tagliabue Mfg. ¢ 
Unit Heater Meriam Co Taylor Instrument ( 
Valve—Motor Operated FLUXMETERS Drill 
American Radiator Company Leeds & Northrup Co Bausch & Lomb Opt 
Bristol Company Rawson Electrical Instr. Co Industrial App. & I 
Brown Instrume me Co FOLDING TESTER Grinding 
Charles Engelhard, Inc H. Z. Schniewind Federal Products ( 
Foxboro Co FREQUENCY METERS Liquid Level 
Taylor Instrument Companies Indicating Bristol Company 
Water Level Jewell Electrical Instrument Co Brown Instrument ( 
Bristol Company Leeds & Northrup Co Foxboro Co 
Brown Instrument ( ) Westinghouse Elec. & Mfg. Co. Leeds & Northrup ‘ é 
Esterline Angus Company Weston Elec. Inst. Corp Meriam Co Spectr 
Foxboro Co. ' ‘ Controlling l'agliabue Mfg. ( Spe 
Tagliabue Mfg. Co., C. J. Leeds & Northrup Co Taylor Instrument ( irbon 
COORINATOGRAPHS Recording Loss of Head s 
COUNTERS— Revolution Bristol Company Brown Instrument 
Bristol Company Esterline-Angus Company Foxboro Cx 
Brown Instrument Co Leeds & Northrup Co Meriam C 
H. Z. Schniewind Standards Pitch Diameter 
Stroke General Radio Co. Federal Product 
Bristol Company FUEL ANALYSIS APPARATUS Pocket 
Esterline-Angus Company Burgess-Parr Co. H. Z. Schniewind 
COUPLING TRANSFORMERS FUEL FLOW INDICATOR Pressure 
General Radio Company Commercial Engg. Labs American Meter ( 
CURRENT RECORDERS GALVANOMETERS Bristol Company 
Esterline-Angus Company Brown Instrument Co Brown Instrument ( 
Leeds & Northrup Co. Charles Engelhard, Inc oxboro ¢ 
CURRENT REGULATORS General Radio Co. Leeds & North rup ( 
Westinghouse Elec. & Mfg. Co Jewell Electrical Instrument Co Meriam Co 
CYCLE COUNTERS Leeds & Northrup Co. l'agliabue Mfg. ( 
General Radio Co Rubicon Company Taylor Instrument ‘ 
CYLINDERS-GRADUATED Westinghouse Elec. & Mfg. Co. Pressure-Temperature 
DECELEROMETER Chemical Leeds & Northrup ¢ 
DEFORMETER Beggs) American Meter Co Tagliabue Mfg. ¢ 
Southwark Fdy. & Mach. Co Tagliabue Mfg. Co “3 Taylor Instrument 
DEMAND METERS Electrical Pressure & Vacuum 
Gas Brown Instrument Co Bristol ¢ eae 
American Meter Co Charles Engelhard, Inc. Brown Instrument ( 


Electric Leeds & Northrup Co. Charles E ngelhi aa I 
Foxboro Co. 


yuse Elec. & Mfg. Cx 

Westinghouse Elec. & Mfg ) GAS LEAK INDICATORS cake i Wattheen ( 
DENSITOMETERS Taylor Instrument Companies Mariam Co. 

Akatos, Inc. GAS-METERS Tagliabue Mfg. C 
DENSOMETERS American Meter Co. Taylor Instrument ‘ 

H. Z. Schniewind Brown Instrument Co. Profile 
DIVIDING HEAD Foxhoro Co, Bausch & Lomb Opt 
Optical Meriam Co Industrial App. & lr 

Bausch & Lomb Optical Co GASOMETERS Rain 

Industrial App. & Inst. Co American Meter Co. Taylor Instrument ‘ 
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A Method of Measuring the Stress-Strain Relations of Wet ii xtiles with et ition to Wet 


Rayons. Homer A. Hamm and R. E. Steven Burea ‘ | f R 

1929, pages, 927-936 

iersion tank has 

This tank is built < 

ater, and heat-cont 
machine, liqt 

The results of a s 

2 ind at LOO°¢ and broken wet 


Phys al Testing of Rubber wane s 
2 mm the work of the PI l 


VIBRATION, SOUND, LIGHT, COLOR 


Fastness Tests Committee Interim Report on Standardization of Methods of Te sting the Fastness 


of Dyed and Printed Materials. Journal Society of Dyers & ( 
1-219 
rge number of di 
ymmmittee of the Society I n ( ists d ded ) F ¢ 
et Fastness to Ligl istness to Pr iratic 1 ist to W 
R kK nak Res Lab 


Apparatus Utilizing Photo-Electric Cells for Measuring Colour Te maperntnre and Lumens 
Wi ir LD ‘ 


Incandescent Electric Lamps. G. 1 
ges 374-379 
ribes the developmer and « struction of a photo- 
mperature and luminou ut t of incandescent electric 
scales are linear, thus facilitating the calibration of apparat 
New Exposure Meter. R. J. Garnotel. Photo po ‘ ly 1929, 
Phe Filmograph by m | s 
| with that of a filament Cons 
ie brig ghtne ss of the lamp 
Abs ull Kodak Res. Lal 
Photo-Electric Siiaaneies of the Dominion Observatory 
May 1929, page 267 
brief description of the photo-elect: 
Abs Bull Kodak Res. Lab 
Mechanical Method of Measuring Sound Pressure. 
Franklin Institute, Sept. 1929, pages 397-404 
\ purely mechanical instrument for measuring 
es. Labs 


is a pocket phot ym 


Absolute Measurement of Sound Intensety. 
Aug. 15, 1929, pages 487-495 
Sound is receivec by a moving coil ré ind tl 
fect of a small, known, electromotiy ! applie 
e of amplification and thus to measure feebl 
Spectrograms of Colored Arcs. Filmtechnik, Mar 
Spectrograms are shown of the arc 
and with the combination of 1 


W Holwecl 


Martens polarization photometer was 
was used, so that some of t 
Abs. Bull. Kodak Res. Labs 


The Measurement of Gloss. A. H. Pfund. Journal Optic 
The brightness of the image of a s« reflected spec 
ur cylinder, which is spun rapidly, is photometered by mean 


w that gloss so measured is independent of the brightness of tl 


The Absorption of Sound at Oblique Angles of Incidence. P. R. H 
Snyder Bureau of Standards Journal of Research, Feb. 1930, pa 
onsequence a the experiments described in this paper the concl 
be method of measuring absorption is limited in its 
s of slanlinr 1 Reman and that for « lute vi 
trustworthy one 


New Flicker Radiometer. Donald ( 
Instruments, February 1930, pages 76 
When radiation is allowed to pass alternately thr 
ssions for all wave lengths except those lying 
vhich is a function of the intensity of the radia 
principle is described in detail. The filters 
iged as toform a solid wheel. The filtered radiation pa 
toelectric cell fabricated of Vitaglass. Oscillograms show 
irrent, after electrical filtering and amplification 
Infra-Red Transmission of the Flesh. Hawley Cartwr 
1930, pages 81-84 
he spectral ene rey of a light transmitted through the 
gion of AO.8S6M, and also by a spectrometer throughout \ 
vacuum the remocouple was used rhe photographs of the sp 
tAU.S6M through the cheek The cheek transmitted a maximum ¢ 
body cut off the longer wave le —_ The spectral eners 


o be similar to that of the che however, it transmitte 


I 


rdinary incandescent electri light with filters to cut out 
tL is ideal for deep penetration of light into the \ 


of 





Page 3 


Recording 
Distance 
Bristol Company 
Brown Instrument Co 
Ksterline-Angus Company 
Foxboro Co. 
Strain 
Southwark Fdry 
Thickness 
B. C. Ames Co 
Esterline-Angus ( 
H. Z. Schniewind 
Volume 
American 
Brown Instru 
Foxboro Co 
Meriam ( 
Water Level for Boilers 
Bristol Company 
wn Instru ment Co 


& Mach. Co 


Meter Cx 
ment ( 


Brown Instrument Co 
Taylor Instru ment Companies 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc 
GOVERNORS 
Laboratory Dry & Wet Gas 
American Meter Co 
Pressure 
Brown Instrument Co 
& Northrup Co 
Mfg. Co., C. J 


Leeds 
lagliabue 
Pump 
agliabue Mfg. Co., C. J 
GLASS STRAIN TESTERS 
Akatos, Inc 
GREASE TESTING APPA RATUS 
lagliabue Mfg. Co., C. J 
GROUND DETECTORS 
Leeds & Northrup ( 
Rubicon Company 
Westinghouse Kiec. & Mfg. Ci 
Weston Electric Inst. Ce rp 
GROUND-OHMER 
Leeds & Northr ip Co 
Herman H. Sticht & Company 
GYPSUM TESTING INSTRU- 
MENTS 


H. Z. Schniewind 
HARDNESS TESTERS 
Akatos, Inc 
Industrial App. & Inst. ( 
H. Z. Schniewind 
Wilson-Maeulen ( ‘ompany, lr 
HARMONIC ANALYZERS 
Leeds & Northrup C 
HELIOSTATS 
Gaertner Scientific Cor 
HIGH FREQUENCY APPARATUS 
Argco Laboratories, Inc 
HIGH VOLTAGE 
Indicators 
Argco Laboratories, Inc 
Measuring Devices 
Westinghouse Elec. 
Testing Devices 
W estjn house Elec. & Mfg. Co 
HUMIDITY CONTROLLERS 
Charles Engelhard, Inc 
Foxboro Co 
HUMIDITY RECORDERS 
Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument C 
Foxboro Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
HYDROGEN ION METERS 
Indicating 
Leeds & Northrup Co. 
Rubicon Company 
Controliing, Recording 
Leeds & Northrup Co 
HYDROMETERS 
lagliabue Mfg Co., ( J 
Taylor Instrument Compar 


& Mfg. Co 


INSTRUMENTS 


HYGROMETERS 
Brown Instrument ( 
r ( 
Schaiewind 
bue Mfg. ( C.J 
l'aylor Instr iment Compa 
IMPACT HARDNESS TESTER 
H. Z. Sehniewind 
IMPACT TESTING MACHINES 
Akatos, Inc 
H. Z 1iewind 
Alternating 
INDICATORS — See Gauges 
INDUCTANCES 
General Radio Co 
Rubicon Company 
INSTRUMENT BOOKS 
Instruments Publ ( 
INSTRUMENT C ALIBRATION 
AND RE PAIRS 
Jewell I lectri al Ir istrument Co. 
Rubicon ¢ ‘omy yal 
INSTRUMENT TRANSFORMERS 
Jewll Electri ‘al Instrument C¢ 
Westinghouse Ele . Mfg. Cc 
West oP trical Ir ( 
INSULATION TESTING EQUIP- 
MENT 


seni 


ry) ( 
ipany 
ise Hle 


= hon Con & Mfg. C 
ee ae & INTEGRATORS 
Nc 


INTERFEROMETERS 


JOB TIMING "RECORDERS 

KEYS AND SWITCHES 
Leode & Nort! rup ‘ 

KILNBOY oy 


Foxbor¢ 
re 


KILOVOLT A ccs nn METERS 


any 


KLYDONOGRAPHS 
Westinghouse Elec 
LACTOMETERS 
lagliabue Mfg. Co., C 
LENGTH MEASURING 
MACHINES 


Gaertner Scientific 


& Mfg. ¢ 


H. Z. Schniewi 
LEVELS 
Centering 

Bausch & Le i 

Industrial App. & Inst. ( 
Enginerr’s, Wye, Precision 
— 


Ontic ( 
} 


istrument Compar 
LIME TESTING INSTRUMENTS 
American Instrument Company 
LOCOMOTIVE INDICATORS 
LUSTER METERS 
Akatos, Inc 
gg ag 
ibicon Company 
MANOMETERS 
American Paulin System, In« 
Brown Instr iment Co 
Foxboro Co 
Meriam Co 
MASTER CLOCKS 
Gaertner Scientfiie Corp 
Stromberg Blectrie ( 0. 
MEASUREMENT BOOKS 
Instrument Publishing Co 
MEGOHMMETERS 
Leeds & Northrup Co. 
Rubicon Company 
Herman H. Sticht and Cor 
MEGOHM VOLTMETERS 
Jewell Electri eal Instrumer at Co. 
Weston | lestrie al Inst 
MELTING POINT APPARATUS 
lagliabue Mf; 


npany 





METER PROVERS, Ga 
A meric ‘ 

METER TES TERS, Gas 
American Meter ( 


MICROMETERS 
raertner Scientif 
i 


Z. Schniewind 
MIC ae ted 


MIC RO PYROMETERS 
‘ Ir 
MICROSCOPES 


Brinell 


Metallographic 
katos, In 


Bausch «& | 
Industrial Ay 
Q r Le 


per 
} 


Petrographical 


naar Le 
MICROTOMES 
Bausel & Lomb Opt 
Spencer Lens 
MILLIAMMETERS 
Charles Engelhard, | 


Crener 


An Ob 


al Radio Cc 
Jewell Electrical Inst 
I i ectrical | 
Weston [le ee ical I 
Wilson-Mae 
MILLIVOLTMETERS 


MOTION RECORDERS 

Mechanical 
Bristol Company 

MULTIMETERS 
Rawson [lectrica] 

MULTIPLIERS 
Jewell Electrical Ir t 
Leeds & Northrup ‘ 
Weston Electri 

— FILLED TUBES 

Zco | aboratories, I 

annanauecvens 
Akatos, Inc 

OHM METERS 
General Radio C¢ 
Jewell Electrical Instru 
Leeds & Northrup (« 
Rawson Eiectrical Inst 
Rubicon Company 
Herman H. Sticht ar 
Weston Electrical Inst 

OIL TESTING APPARAT! 
Tagliabue Mfg. Co., ( 
laylor Instrument ( 

OIL TESTING EQUIPMENT 


A Grav 


Applica 


INSTRUMENTS 


rency of Photographic Objectives 


Transpa 
[53-1] ) 


surement of the Effective 


Method for the Mea 
: Comptes R 92 1999 , 
ynal Commission of [Illumination 
Work of the Committee on Diff 
AM chromator.—The Photochemical Decomposition of Benzo-quinone in Water and in Alcohol 
Leightot S. For Journal American Chet Saciate.T) , 49.3559 


XG 


Forms of Gas-Filled Photoelectric Cells: Their Properties and Calibration 
ew f Scientif Inst | 1930, p ¢ LO6-1 


Solution 


CHEMICAL ANALYSIS 
pH Values of Very Small Volumes of 
(; r P ) ; } 


l 


ass Electrode Apparatus for Measuring the 
\. M Innes & M. D Jour of 
‘ trod nH 


Apparatus for Visual Conductivity Titration and Conductance Measurement 
| rik. A 4 IS4-1N¢ 

Determining Hydrogen—Ion Concentration by Means of the Antimony Electrode. 

ff & ) iw wit Zeit rift f r | t . Foose 1Q9Q B49 


A Method of 


for the Determination of Sugars in Solution 


I 109 
Qeg 
Ie p 


hysica! Method 
‘ nstt ent 69-75 


n Objective P 


Scient 


The Effect of Light on Silver Chloride in Chemical Analysis 
; al ia CEM Gey lan. 1930 


st ie 


of Ruthenium 


A Gravimetric Method for the Determination 
Journal Resear iby 1929, pa 993-1004 

Zlectrode and Vacuum Tube Potentiometer 
) t R \ t iL ~ et > 52 4 


ot 


pH Measurement with 


1Q240 


the Glass 
{ " 


nd 
ind vario 


lysis. 


Application of the Spectrographic Ana 
Kisenhut I K. Kelle 


tenlaborat 
enlabora 


205 | n. Oct. 17 
ll litable for laborat 
to Testing Materials 
er Deut 1 


, 10) 


rhla 
Application of Microchemistry 
lat l ng IK. Fe I 


rialprue 
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OPERATION RECORDERS 
Electrical 
Bristol Company 
Brown Instrument ( 
Foxboro Co. 
Leeds & Northrup Co 
lagliabue Mfg. Co., C. J 
ORIFICE METERS 
American Meter Co 
trown Instrument Co 
Foxboro Co 
Meriam Co 
ORSAT APPARATUS 
OSCILLOGRAPHS 
General Radio Co. 
Westinghouse Elec. & M fg 
OXYGEN RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
PANTOGRAPHS 
Gaertner Scientific Corp 
PERFORMANCE METER 
PERMEAMETERS 
Leeds & oe Co 
Rubicon Compa 


PAPER TESTING INSTRU- 
MENTS 
H. Z. Schniewind 


opencer Lens Co 
PERISCOPES 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
PHASE INDICATOR 
Westinghouse Elec. & 0 
PHASE ere oF INDICATOR 
erman H. Sticht 
PHOTO-ELECTRIC CELLS 
Argeo Labor: = 
PHOTOMETER 
Akatos, Inc 
American Meter Cx 
Gat rtner Scientific Corp 
Jausch & Lomb Optic al Co 
Industrial App. & Inst. Co 
Leeda & Northrup Co, 
PHYSICAL TESTING MA- 
CHINES 
Industrial App. & Inst. Co 
H. Z. Schniewind 
Southwark Fdry. & Mach. Co 
PITOT TUBE METER 
Brown Instrument Co. 
Foxboro Co. 
PLANIMETERS 
Automatic Flow Record 
Brown Instrument Co. 
Linear 
Brown Instrument Co 
Radial 
American Meter Co. 
Bristol C ompany 
Bristal Company 
Foxboro C 0. 
Square Root 
Foxboro Co 
POLARISCOPES 
an atos, Inc 
Gae rtne r Scientific Corp 
POSITION RECORDERS 
Bristol Company 
Esterline-Angus Com; pany 
Foxboro Co 
POTENTIAL DETECTORS 
Leeds & Northrup Co 
Westinghouse Elec. & Mfg. Co 
POTENTIOMETERS Indicating 
Brown Instrument Co. 
Leeds & Northrup Co. 
Rubicon Company 
Recording & Controlling 
Foxboro Co 
Leeds & Northrup Co. 
— FACTOR METERS 
Ksterline-Angus Company 
Jewell Electrical Instrument Co. 
Westinghouse Elec. & Mfg. Co 
Weston Eelectrical Inst. Corp. 


INSTRUMENTS 





POWER FACTOR REGULATORS 
Rubicon Company 
Westinghouse Elec. & Mfg. Co. 

PRESSURE RECORDERS 
Esterline-Angus Company 

PRICESS TIMING AND SIG- 

NALING iNSTRUMENTS 
Stromberg Electric Co 

PROGRAM INSTRUMENTS 
Stromberg Electric Co 

PROJECTION LANTERNS 
Bausch & Lomb Optical Co 
Spencer Lens Co 

PROTRACTOR 

Optical 
Bausch & Lomb Optical Co 
Industrial App. & Inst. Co 

PSYCHROMETER 

Recording 
I oxboro Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 

Sling 
Taylor Instrument Companies 

PYROMETERS 

Optical 
Leeds & Northrup Co 
Pyrometer Instrument Compar 

Radiation 

Indicating 
pet Instrument Co 

eeds & Northrup Co 
f yrometer Instrument Company 
Taylor Instrument Companies 

Recording 
Brown Instrument Co 
Leeds & Northrup Co. 

Taylor Instrument Companies 

Thermo-electric 

Immersion 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 

Leeds & Northrup Co 
Pyrometer Instrument Company 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc. 

Indicating 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc 
Leeds & Northrup Co. 

Taylor Instrument Companies 
Westinzhouse Elec. & Mfg. Co 
Wilson-Maeulen Company, Inc 

Recording and Controiling 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 

Leeds & Northrup Co. 
Taylor Instrument Companies 
Wilson-Maeulen Company, Inc 

Surface Contact 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, Inc. 

Leeds & Northrup Co. 
Pyrometer Instrument Company 
Tavlor Instrument Companies 


RADIO a Y OSCILLA- 


General Radio Company 
RADIO SET ANALYZERS 

General Radio Company 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
RADIO TUBE CHECKERS 

General Radio Company 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
RADIO TEST PANEL 

Jewell Electrical Instrument Co. 

Weston Electrical Inst. Corp. 
REFRACTOMETERS 

Akatos, Inc. 

Bausch & Lomb Optical Co 


Spencer Lens Co. 


REGULATORS —See ( 
RELAYS 


General Radio C¢ 
Jewell Electrical Instr 
Leeds & Northr ip ¢ 
Westinghouse Elec. & 
Weston Electrical Inst 
REMOTE METERING Eouip. 
MENT 


Bristol Company 
Brown Instrument ( 
Leeds & Northrup ( 
Westinghouse Elec. & M 
a hls Evectric 
General Radio Co 
Leeds & Northrup ¢ 
Spencer Lens Cx 
RHEOSTATS 
General Radio C 
{ubicon Company 
Spencer Lens Co 
ROTOSCOPE 
Commercial Eng 


RUBBER TESTING INSTRU 
MENTS 


H. Z. Schniewind 
SACCHARIMETERS 

Akatos, Inc 

Bausch & Lomb Opt 

Industrial App. & Inst 

Spencer Lens Co 

Taylor Instrument 


gp em ages 
SALINITY ‘INDIC ATORS 


Rubicon Company 
SCALES 
Amthor Testing Instr 
Gaertner Scientific ( 
H. Z. Schniewind 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Inc 
SERVICE RECORDERS 


Ksterline-Angus 


SHUNT METERS 
SHUNTS 
Esterline-Angus ( 
Jeweli Electrical Inst 
Leeds & Northrup ¢ 
Rubicon Company 
Weston Electrical Inst. ( 
SIGNALLING DEVICES ~Aut 
matic 
Brown Instrument ( 
Stromberg Electric ‘ 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Burgess-Parr Co 
Meriam Co 
H. Z. Schniewind 
SPECIAL ELECTRICAL IN 
STRUMENTS 
Brown Instrument ( 
Charles Engelhard, In 
Esterline-Angus Com 
General Radio Co 
Jewell Electrical Instru 
Leeds & Northrup ‘ 
Rawson Electrical Instr 
{ubicon Company 
Weston Electrical Inst. Cor 
ay os necOnDInG DEVICES 
Esterline-Angus 
SPECIFIC GRAVITY ‘APPARATUS 
as, 
American Meter Co 
SPECTROGRAPHS 
Gaertner Scientific Cor 
SPECTROSCOPES 
Akatos, Inc. 
Bausch & Lomb Opt 
Gaertner Scientific Cor 
Industrial App. & Inst 
Spencer Lens Co 
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tive and Spectrosopic Methods of Microchemistry. (Ueber 
Methoden in der Mikrochemi¢ F. Paneth. Paper De 
und fuer Materialpruefung, Vienna, Oct. 8-11. 1929 
of application of radioactive and spectroscopic method 

ls is outlined According to investigations of Gerlach it i 

thods the location of micro impurities in metals. Examples of 

thods in analyzing gases lantitative as \ l as qualitativ 
Quantitative Inorganic Analysis. uantitati anorganische Mikro 
Paper Deutscher und Oéesterreichische band fuer Mat ] 

2M 

The ossibilities and importance 1e microanalysis when 


1 and emphasized G. N 
The M Mi: agnetic Determination of Carbon in Steel with the Malmberg Carbometer 


lIbestimmung des Kohlenstoffs im Stahl mit dem Karbometer 1 Mal 
K oar & Herbert Fucke (Archiv fuer Eisenhuettenwesen. Nov 1920, ag 347 
The authors test the magnetic determination of carbon with the Malmberg Carbome 
test melts calibration curves for pure carbon steels and the influenc > ind 
ents on this is determined by corrections. The instrument was 
melting operation, especially if the same steels are manufactured <¢ 
What We Do Know About Chromium a Method 

Bath for Determining Sulfate, Chromic Acid Triv alent Chrom 

H. Proctor Metal Cleaning Finishing A, 1929, page ; 

es details of a precedure which has been salle satisfactory 

tions and results.—M. S 


X-RAY TESTING AND EQUIPMENT 
X-Ray Diffraction by Plane Gratings. J. A. Prins Nature 


Differences in wave-length as determined by grating 
therto unnoticed properties of gratings Abs ull. 

Studies on Metal Structure by Means of X-Rays. Aufbau « 
Wever Paper Deutscher und O6esterreichischer Verband fuer Mater 
Oct. 8-11, 1929 

X-rays are the only possibilit ‘ atomic structu f metals and t 
tal science. Investigations of sts and Phragmen show that tl 


ructures of copper-silver alloys is bound to the observation of a determine: 


j 
tween atoms and electrons. The possibilities for the development of 
f the structure analysis are outlined G. N 
Deformation of Metallic Materials as Revealed by X-Rays. (Verform 
im Roentgenbild Dr.-Ing. Sachs Paper Deutscher und O6esterre 
Materialpruefung, Vienna, Oct. 8-11, 1929 
he far-reaching possibilities in applying X-] 
sidered. Investigations on cold drawn wire 
tresses in metals are referred to N 
Quantitative X-Ray Analysis. (Quantitative Roentgenanalys¢ H 
nd Oesterreichischer V« rband fuer Materialpruefung, Vienna, Oct. 8-11, 1929 
The advantages of the X-Ray emission method for quantitative chemical anal) 
ity of spectrum and accuracy > the ee oe ture rhe method was imy 
g and sources of errors were eliminated 
Investigations of Mate ve by Means of x. Rays. Untersuchung der We 
strahlen). R. Glocker Paper Deutscher und O6csterreichischer \ 
pruefung, Vienna, Oct. 8-11, 1929 
The general characteristics of X-Rays, the methods and principle 
1 some examples of practical X-Ray investigations are outlined 
X-Ray Investigations of Fractures. (Roentgenuntersuchungen an 
Deutscher und Oesterreichischer Verband fuer Materialpruefung 
The importance of X-Ray examination in testing materials is emphasiz 
Portable Electroscope Incorporating Some Unusual Features. F. W 
of Roentgenology, May 1929, pages 491-494 
brass, lead-lined cases contain a parallel » ionization 
and a spark coil charging d ‘ Removable side tubes carr 
able with thimble type ionization chamber is readily attacl 
and can be used in a variety of ways for measurement of 
gull. Kodak Res. Labs 
Neon “Glow” Lamp as a Polarity Indicator. F. W. Bishop. Ameri 
June 1929 pages 599-600 
lamp is inserted in place of the usual polarized ammeter us« 
ind the polarity is indicated by the side of the lamp 


ot 


Premeend in the Physics of X-Rays and Their Application. M. Ponte 
Jan. 15, 1929, pages 11-21 
he first of a series of articles on the subject to appear in thi 
the production of X-Rays [The X-ray tube is described in « 
e X-ray spectrometer and methods of studying X-ray spectra 
Studies in X-Ray Intensity Measurement II. W. V. Mayneard 
June 1929, pages 267-297 
By means of a small ionization chamber connected to a gold le 
ide of the distribution of X-ray intensity in a water phantom with 
t therapeutic purposes. Tube voltage was measured both spectrographi 
1 effective wave-length determined by absorption measurement \bs 
Roentgen Ray Apparatus. K. Mayer. British Journal of Radiolog, 
A Buc eA diaphragm in the form of an endless belt which travel 
elements are between the cassette and the patient, they are in correct 
is to be efiective in removing scattered radiation \bs. Bull. Kodak 
Recommendations of the Industrial X-Ray Unit Committee. Radiolog) 
The report gives the recommendations adopted by the S ‘cond Intern 
ee the unit X-ray intensity and the specifications of X-ra 
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SPECTROPHOTOMETERS 
Akatos, Inc. 
Bausch & Lomb Optical C« 
Gaertner Scientific Corp 
Industrial App. & Inst. Co 
SPEED INDICATORS 
See Tachometers 
= se nt te 
Msterline-Ang om 
STANDARD CELLS 
Weston Electrical Inst. ¢ orp 
STEEL TAPES 


STOP WATCHES 
American Meter Co 
STRAIN GAUGE 
Southwark Fdry. & Mact 
STRESS INDICATOR 
STROBOSCOPES 
Argco Laboratories, Inc 
Commercial Engg. Labs 
SULPHUR DIOXIDE METERS 
Awerican Meter Co 
Charles Engelhard, Inc. 
Leeds & Northrup Co 
Tagliabue Mfg. Co . ( J 
SULPHUR DETERMINATION 
APPARATUS 
sm 88-Parr Co 
lagliabue Mfg. Co., C. J 
SUNSHINE RECORDERS 
Charles Engelhard, Inc. 
Leeds & Northrup Co 
Taylor Instrument Companies 
SUPERPRESSURE CATALYST 
EQUIPMENT 
SURGE RECORDERS 
Esterline-Angus Company 
SYNCHRONIZING FORKS 
Electrical 
General Radio Co 
Leeds & Northrup ( 
TACHOSCOPES 
Brown Instrument Co 
TACHOMETERS 
Amthor Testing Instrument Co. 
Bristol Company 
Brown Instrument Co. 
sterline-Angus Company 
Foxboro Co. 
Jewell Electrical Instrument Co 
Leeds & Northrup Co 
Pyrometer Instrument Company 
H, Z, Schniewind 
Herman H. Sticht & Company 
Westinghouse Etec. & Mfg. Co. 
Weston Electrical Inst. Corp 
TELESCOPES 
Bausch & Lomb Optical Co 
Gaertner Scientific Corp 
Industrial App. & Inst. Co 


pany 


TENSILE TESTERS FOR PAPER, 


WIRE, SHEETS, ETC. 

Amthor Testing Instrument C 

H, Z, Schniewind 
TENSIOMETERS 

American Paulin System, Inc 
TENSOMETER ey oy oH 

Southw ae : ed & Mach. ( 
TESTERS, G 

American Meter Co 
TESTING MACHINE 
Universal 

H, Z. Schniewind 

Southwark Fdry. & Mach. ‘ 
TEXTILE TESTING IN- 

STRUMENTS 

H, Z. Schniewind 
THEODOLITES 
THERMO-JUNCTIONS (Electric) 

General Radio Co. 

Rawson Electrical Instrument Co 


INSTRUMENTS 





THERMOMETERS 
Gas Filled 
Bristol Company 
Brown Instrument Cx 
Foxboro Cx 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
Mechanical 
American Meter ( 
Brown Instrument C« 
Foxboro ¢ 
lagliabue Mfg. C 
Mercurial 
l'agliabue Mfg. ¢ 
Taylor Instrument Companir 
Resistance 
Brown Instrument Co 
Charles I ngelh ard, In 
Leeds & Northrup Co 
Wilson-Maeulen Co 
Vapor-Tension 
Brown Instrument Co 
Foxboro Cc 
Tagliabue Mfg. C« 
laylor Instrument 
Wet & Dry Bulb 
Bristol Company 
Brown Instrume nf Co 
Charles | ngelh ard, Inc 
Foxboro Co 
Leeds & Northrup C 
lagliabue Mfg. Co., C. J 
laylor Instrument Companies 
THERMOSTATS 
Bristol Company 
Brown Instrument Co 
Charles Engelhard, In 
Foxboro C 
laylor Instrument Companies 
lagliabue Mfg. Co., C. J 


TIME OPERATION RECORD- 
ERS 


Esterline-Angus Company 
Foxboro Co 
lagliabue Mfg. Co., C. J 
TIME RECORDERS 
Brown Instrument Cc 
isterline-Angus ( 
Gaertner Scientific 
Foxboro Co 
TIME tae dey 
Westinghouse Elec. & Mfg. ¢ 
TIME STAMPS Phy gas 
Stromberg Electric Co. 
TIME SYSTEMS la 
Stromberg Electric C 
TIMERS 
Leeds & Northrup Co 
Rawson Elec. Inst. ( 
Stromberg Electric Cx 
TINTOMETER 
TORSIOGRAPH 
TRANSFORMERS 
Ksterline-Angus Company 
General Radio Co. 
TRANSITS 
Engineer's, Surveyors, Mine, 
Gaertner Scientific Corp. 
Pocket 
laylor Instrument Companies 
TUNING FORKS—Electrically 
Driven 
General Radio Co 
Gaertner Scientific Corp. 
Rubicon Company 


“U”" GAGES 


Amthor Testing Instrument Co. 


VACUUM RECORDERS 
Esterline-Angus Company 
VACUUM TUBE BRIDGES 


General Radio Company 


VALVES 
Automatic Shut Off 
Brown Instrument 
Charles Engelhard, 
Foxboro Co 
lagliabue Mfg. ( 
Balanced 
Brown Instrument ( 
Foxboro Cx 
Diaphragm 
oxboro Co 
l'agliabue Mfg. C 
Taylor Instrument 
Electrically Operated 
Brown Instrumer 
Charles E ngelhard, | 
Foxboro C¢ 
Reducing 
Foxboro ( 
lagliabue Mfg. ( 
Regulating 
Brown Instrument ( 
Ch ~oe Engelhar i 
I ( “ hs ( 
agliabue Mfe ( 
| aylor lh strumer 
Safety, Fuel Shut- off 
agliabue Mfg. ( 
VENTURI METERS 
Brown Ins trun vent ( 
Foxboro Cx 
VIBROGRAPH 
big ea sna DAVEY 
trocon Corpor 
VIBROSC OPE 
lectrocon Corporat 
wee og age 
layl qe ment ( 


VISCOSITY TUBES 
VOLTAGE DIVIDERS 


General Radio ( 


VOLT-AMMETERS 


Weston Electr 
VOLTMETERS 
Indicating 

General Radio ‘ 

Jewell Electrical Ir 

Leeds & Northruy 

Rawson Electric II 

eadiniicnis tk 4 

Weston Electrica in 
Recording 

Bristol Company 

Esterline-Angus | 

Leeds & Northrup ¢ 

Westinghouse Elec. & M 
Thermionic, Oxide Rec tifer 

General Radio ‘ 
WATER METERS 


Foxboro Co 


WATER & SEDIMENT APPA 
RATUS 


Tagliabue Mfg. ‘ ( 
WATTHOUR METERS 

Westinghouse Elec. & M 
WATTMETERS 
Indicating 

Jewell Electrical Instru 

Rawson Electrical Inst 

Westinghouse Ele 

Weston Electrical Inst 
Recording 

Bristol Company 

Esterline-Angus Cor 
ere 

General Ra } 
WAX MELTING "APPARATU IS 

Tagliabue Mfg. Co., ¢ 
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Ames Micrometer Gauges 


For almost every testing and measuring re 
quirement—FPrecision Instruments for laboratory 
use Upright Dial Gauges—-Thickness Gauges 
Dial Gauge Heads— Pocket Gauges Com 
parators Densimeters Lens Measures 
Halftonometers Paper Gauges Rubber 
Gauges—Automotive Gauges. 

Precision with speed and extreme accuracy. 


Send for complete 
information obout them 


B.C.AMES CO., Waltham, Mass. 








ADVERTISERS? INDEX 








s Angeles, Ca 
Waltham, M 
Laboratories, Inc 150 W 
nd St., New York, N. Y 
t Temperature Contr 


St., Philadelphia, Pa 


Back ( 
Instrument Company, 4482 Wayne 
Philadelphia, P 


Engineering 
Ave., Detroit 


ird, Cha 
, Newark 


Scientific Cx 
Ave., Chicago 
Radio Company, 





Thermometers and Hydrometers Control of Temperature 
Industrial. Scientific Pressure, Level, Flow, Etc. 


Automatic Temperature 
Control Co., Inc. 


CATALOGUE 


FR. FLEISCHHAUER & SON ' ; 
SweetS 


8936-187 Place Hollis, N. Y. |) Philadelphia Penna 
Se 


Prices on Request 7 seevour ] 


i 














When writing to the above companies, plea 





INSTRUMENTS 





INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index information | 


mounted on cards, and filed in your desk or in a file box on top of your desk. You wil ; 


have within easy reach an index of instrument information of incalculable valy 








Tue Encineer’s HANDBOOK OF INDUSTRIAL INSTRUMENTS 
M. F. BEHAR, INSTRUMENTS, Vol. 3, No. 4, April 1930, 1 
Chapter II, Part 3 Thermoelectric pyrometers. This is the fourth inst 


Indicating thermoelectric pyrometers ar 


il instr 


MEASUREMENT OF AIR FLOW 
E. OWER, INSTRUMENTS, Vol. 3, No. 4, April 


Chapter IV (cont This is the third insta , Th 


1930, pages 245-250 


pe 


MEASUREMENTS—INDUSTRIAL & SciENTIFIC 
DR. WALTER BLOCK INSTRUMENTS, Vol. 3, No. 4, April 1930, 


Chapter III. Measuring System and General Physical ¢ 
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What 


| Instrument 
INSTRUMENTS Do You Want 


BOOK SHELF | tg Buy? 


Are You Using The 


The Book Department of IN- If you do not see | 
STRUMENTS is in position to in shee Ashenveisine 
supply any published work on or in the Buyers’ G 
instruments at the regular pub Hes disiaiaments 
lisher’s price. wish to purchase 


Send for our latest list. Write 
us for any book you desire to 


The Publishers 
secure—if it is in print, we will of this journal 
get it for you promptly. 


would be pleased to forw 
Instruments Book Shelf your request to the 


1117 Wolfendale Street Pittsburgh, Pa. . . . : = 
facturer of the instrumer 
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Therm 
Regula 
Record 
Barom 
Saccha 
Sphyg! 
Altime 
Hygron 
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Hydro 
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More than an Instrument 


HERE is something more t Tycos | 
Fyrometers strument than the metal you see yme 
Psyechrometers 1 4 


thing more than the levers and 
Thermometers 5 


Regulators nside its trim Case 


Recorders I here is expert selecti 
Barometers . { 

sign, Care 1n Manufacture 
Saccharimeters > . 
Sphygmomamometers 
Altimeters ( 
Hygrometers Tvcos Fi 
\nemometers 
Hydrometers 
Compasses ‘ “hev re Hart f ever Ivcos Ff 


(nd many others 


Write for Catalegs 


favlor /nstrument Companies 


ROCHESTER, N. Y.,.U.3S.A 


x 


THE eo © SENSE OF LNDVUS TK X 


Tycos Temperature Instruments 
INDICATING : RECORDING - CONTROLLING 


. 











BRIS TOL 


Triplex 


Recording 
Ammeter 


ECENTLY 

AU developed by 
The Bristol Com. 
pany, this new in 
strument is designed to provide continuous chart recor 
balance. While no radically new electrical or mecha 
ciples are involved, and features of design have been px 
years of service, it possesses a number of interestii 
which should commend themselves to those responsibk 
cient distribution of electrical power. 


The unique chart arrangement of this new instrument 
mounting entire operating mechanism in a case 17x10 
yet leaves the active portion of each chart plainly visi 
thus adaptable for use on any standard 18-inch panel 
— “Ns soused are 6 inches in diamete: 
BRISTOL'S easily handled and convenien 


Pressure and Vacuum (Gauges Measuring elements are of then M 96 
Liquid Level Gauges; Electrica . | ‘ easul 
Boiler Water Level Gauges; Re- iron type—all parts simply 

cording Thermometers; Indicat- : 1] ; 

ing and Recording Pyrometers; ind rug¢ge rc striicte + ( 
Recording Psychrometers; Re- . 55<*+ ) constructed | 
cording Electrical Instruments 11" > eortnre . a ee Os 
(including Voltmeters, Milli- curate service. A single cover, | 
Voltmeters, Ammeters, Milli- } . 

Ammeters, Shunt Ammeters, at tne top gives ready access to \ q 
Wattmeters, Frequency Me- ava : : [The E1 
ters); Mechanical Motion Re- interior. W ring 1S arranged d 
corders; Electrical Operation 5 _ aie 
Recorders; Indicating and Re- ~ >-t4 “Nem ae : 
cording Tachometers; Engine connection. Case finish 1S 
Counters; Revolution Counters; } F -k 
Averaging Instruments; Gauge WaCK. 
board Clocks. Also equip- 
ment for automatically control- = “ee ae 
ling Temperature, Pressure, For more com plete intormatl 
Liquid Level, Liquid Flow, 


etc.; together with Motor Op- <8 get 1n touch with brat 


¢ 


erated and Solenoid Controller 
Taney SAE, Se Z nearest you or write direct t 


Measu 


Instrur 











The Bristol Company, Waterbury, Com 


Boston Philadelphia Akron Chicago St. Louis 


New York Pittsburgh Detroit Birmingham Denver 8 geles 





